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NDUSTRIAL RESEARCH, like en- 
gineering education, is a process of 
learning. As such, it makes use of 
inanimate physical materials, mech- 
anisms, and recorded scientific facts. 
The same inanimate things are 
requisites to an individual’s educa- 
tional growth. 

In research, as in education, things 
are subordinate to the greater values 
which spring from the questioning 
attitude of people and their desire to 
learn. Neither elaborate equipment 
nor well appointed laboratories can 
think. These inanimate things make 
research possible, but creative values 
from these things can result only 
from the questioning, analytical 
minds of men. 

Suppose an engine requires a 
better bearing. Research scientists 
build a test fixture to duplicate 
engine conditions. Then they install 
and operate various bearings on the 
fixture. The fixture helps to sort 
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out the good from the bad—but 
cannot ever, by itself, develop a 
better bearing. Research workers call 
on their store of knowledge and their 
intelligence to interpret what the 
tests try to tell them. They learn from 
the inanimate but the language of 
the inanimate requires interpretation 
before the findings can achieve the 
desired result—a better bearing. 

In many valuable types of work 
men apply only their store of facts. 
Lathe operators study blueprints and 
use acquired knowledge and skills 
to turn out finished pieces according 
to designers’ plans. Research workers 
go beyond their store of knowledge 
and their acquired skills. Their work 
frequently begins where the area is 
uncharted. Often they do not know 
whether a solution exists; no previous 
experience can guide them. Things 
and facts they have learned are but 
props; the real work must be done 


in their minds. 

Research inherently tries and 
fails again and again. One cannot 
acquire a grand piano in the fore- 
noon and play Grieg’s Pzano Concerto 
in A-Minor before a critical audience 
that afternoon. Both the research 
worker and the musician need to 
practice: try and fail again and again 
until the musician achieves perfec- 
tion and the research worker’s last 
effort proves successful. Industry 
cannot accept major failures in its 
products or processes after they leave 
the laboratories; the musician cannot 
tolerate his own ineptness after the 
recital curtain rises. 

If industry can afford failure, it is 
in the research laboratory. One basic 
new discovery can support many 
unsuccessful attempts. From _ the 
hard earned successes come to- 
morrow’s improved products and 
processes. 


bh Wie 


Charles L. McCuen 
Vice President and General Manager 
Research Laboratories Division 
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The Work and Contributions of a GM. _ Division (second in a Seri 


In an age of competitive business, the need for technological progress mounts swiftly. 
Few companies engaged primarily in the manufacture of products priced to sell find 
time and funds for more than project, product, and production engineering tasks— 
those technical activities which keep the quality up and the price down. Today’s effort 
must be spent on the improvements which the customer expects tomorrow. The 
Research Laboratories Division was established specifically to take the long look beyond 
tomorrow to a decade or two ahead. Hence, its projects include such basic research as 
fundamental studies on magnetism. While looking far ahead, its personnel stand ready 
daily to assist, in a kind of industrial consultant capacity, with the engineering problems 
of General Motors operating Divisions everywhere. 


| egaures research is one of the princi- 
pal means for the improvement of the 


national economy. Its developments con- 
tribute to the continuous improvement of 
existing industries and to the creation 
of new ones. Translating the findings of 
research into products results in new 
employment opportunities for labor, 
greater stability for business, and new or 
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better products for ultimate consumers. 

In the past half century, industry has 
increasingly recognized its responsibility 
for carrying on basic investigations in 
pure science without commercial objec- 
tives. These basic discoveries, backed by 
progressive businessmen, became new 
industries. Today, most companies sup- 
port research in some form. This union 


Fig. 1—Fluorescent lighted partial model shows 
how facilities of the Research Laboratories 
Division will look at the GM Technical Center, 
just north of Detroit. Departments now located 
in Detroit will move to eight new buildings, 
expected to be completed in 1954. The three-story 
laboratory building is in the foreground. Behind 
it will be the process building. Already in use are 
the metallurgical building shown at the extreme 
right and the U-shaped mechanical building and 
separate fuel building at the top. 


of organized science with industry, only 
50 years old, is now accepted and rapidly 
expanding. 

It is natural that the largest and most 
active research programs are supported 
by those industries which were themselves 
created by industrial research. An idea in 
a man’s mind is of small use to the world 
unless that idea is brought to fruition 
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By RALPH A. RICHARDSON* 
Research Laboratories 


Division 


How basic and applied 
research lead to 


product improvements 


through engineering research and scien- 
tific development—a process that usually 
requires considerable expenditure of time 
and funds. Industry finds it good business 
practice to expend both the time and 
money to nurture embryo ideas. 


Research at General Motors 


General Motors early recognized that, 
to insure continuing technological prog- 
ress, it would be essential to provide the 
maximum in quality, comfort, and value 
to the buyer. This, in turn, indicated 
the necessity for adequate and organized 
research. Accordingly, in 1920, The 
General Motors Research Corporation 


_ was established at Moraine City, Ohio. 


In the summer of 1925, the Research 
Corporation transferred its laboratories 
to Detroit to be nearer the larger auto- 
motive manufacturing Divisions of Gen- 
eral Motors. Later, in 1938, Research 
was promoted to the status of a Division 
and the name was changed to Research 
Laboratories Division, General Motors 
Corporation. Research will soon move 
to its eight new buildings at the General 
Motors Technical Center, located just 
north of Detroit (Fig. 1). Some activities 
already have moved. 

General Motors is a decentralized or- 
ganization in which each manufacturing 
Division has full authority and responsi- 
bility for its products. Therefore, each 
Division holds the responsibility to de- 
velop and engineer the products it sells. 
The Research Laboratories Division car- 
ries on only a fraction of the research 
that is done in the organization. But this 
Division has the distinction of being the 
one organization in GM that deals solely 
with fundamental technical develop- 
ments. The results of its work are avail- 


*For photograph and biography, please see p. 65 of June- 
July 1953 Generat Motors ENGINEERING JOURNAL. 
This is Mr. Richardson’s second contribution to 
the JoURNAL. 
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able to any Division which has a need 
for them. 

The Research Laboratories Division is 
concerned with the future. In general, 
Research projects are long-range, broad 
problems not aimed at a specific product 
except in an emergency when called 
upon by a Division for consultation or 
aid in an unusual production problem. 
Research seeks to insure that GM will 
keep up with and ahead of advances in 
the automotive industry. 


Research Policies 


It is the policy of Research continually 
to explore the future. Its program aims 
at a balance between pure and applied 
science. The total work is divided into 
(a) fundamental science research, (b) 
engineering research, and (c) advanced 
engineering development. 

Fundamental science research is usually 
on the phases of physics, chemistry, 
mechanics, and metallurgy in which 
more information is desired. It may or 
may not lead to definite product applica- 
tions. It is carried out in the hope that 
new fundamental information will give 
a better understanding of the more im- 
mediate problems. 

Engineering research attacks the fun- 
damental engineering problems encoun- 
tered in developing new products. Like 
fundamental science research, it aims at 
broad basic studies that have wide 
applications. 

Advanced engineering development 
aims at producing new products and 
processes to be used by other Divisions. 
Its objective is the development of work- 
ing samples to demonstrate new principles. 


ADMINISTRATIVE SERVICES 


Organization of Research Division 


Fig. 2 shows the organization of the 
Research Laboratories Division. The 
general manager and assistant to the 
general manager are concerned with 
major policy matters in all phases of 
technical, administrative, and financial 
operations. The administrative assistant 
and technical director cooperate with 
them to shape the basic policies which 
guide the various Departments. 

The Administrative Engineering and 
Executive Engineering Departments, 
composed of men with an engineering 
background, assist the executive staff in 
administrative problems. These two De- 
partments are part of the Technical 
Services group. A scientific library, ex- 
tensive machine shops, and building serv- 
ice make up the remainder of this group. 

The technical work is divided between 
two main groups of Applied Science 
Departments and Mechanical Engineer- 
ing Departments. The total personnel of 
all the Departments, according to a 
recent count, was about 1,050, including 
159 engineers, 29 chemists, 21 physicists, 
23 metallurgists, 70 designers and drafts- 
men, 180 laboratory aides and techni- 
cians, and 570 clerical and shop employes. 

It is not unusual for several of the 
Departments to be working on the same 
project, each contributing its specialized 
facilities. This team method allows the 
potential experience of all of the Depart- 
ments to be focused on the problem. 


Fig. 2—Organization of the Research Laboratories 
Division shows eleven technical Departments 
each devoted to specific types of problems. Careful 
coordination prevents duplication of effort and 
utilizes the special knowledge of all groups. 


ADMINISTRATIVE TECHNICAL 
DIRECTOR DIRECTOR 


TECHNICAL SERVICES 


TECHNICAL 
ACCOUNTING BxECUTIVE FACILITIES 
“pesos AND SERVICES 


APPLIED SCIENCES 


MECHANICAL ENGINEERING 


ENGINEERING AUTO ont 
1S AND GARAGE 


MECHANICAL SPECIAL GAS 
DEVELOPMENT PROBLEMS TURBINES 


Applied Science Departments 


Physics and Instrumentation Department 


The work of the Physics and Instru- 
mentation Department covers both 
applied and theoretical physics. This 
Department employs physicists, electri- 
and some mechanical 
engineers. They are responsible for a 
large number of projects in fundamental 
and applied physics. One of their funda- 
mental projects is a study of magnetism, 
upon which they have carried on active 
work for over 15 years (Fig. 3). This 
work is aimed at advancing knowledge 
of magnetism, and in time may help 
answer the physicist’s question, ‘‘How is 
force transmitted through space?” This 
is a good example of fundamental re- 
search in which the aim is to add to the 
knowledge of science. 

Much of the work of this Department 
has a more definite objective, however. 
Active projects are carried on in spectro- 
scopy, X-ray, ultrasonics, and similar 
subjects. An infrared spectrograph, de- 
signed and built by the Physics and 
Instrumentation Department, has been 
used in studies of engine exhaust, paint 
deterioration, and fuel composition. 

Another important part of this work 
is the development of new instrumenta- 
tion for projects carried on by other 
Departments. In the past several years, 
important contributions have been made 
in the application of the electron micro- 
scope in metallurgical research. 


cal engineers, 
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<@ Fig. 3—The fundamental study of mag- 
netism is one of the basic studies carri 
out by the Physics and Instrumentation 
Department. Much of the instrumentation 
used by Research is developed and main- 
tained by this Department. 


Fig. 4—A new air metering system was 
designed for single cylinder investigations 
in the Fuels and Lubricants Department. 
Accurate measurements of air flow are 
attained along with precise control of air 
consumption and air inlet conditions. The 
air system is isolated from variations in 
atmospheric conditions, being supplied 
from a high pressure tank, and consump- 
tion is measured by employing the principle 
of critical or sonic flow through convergent 
nozzles. 


Fuels and Lubricants Department 
/ 


The assignment of the Fuels and Lubri- 
cants Department is to discover more 
about petroleum base fuels and lubri- 
cants (Fig. 4). This group has been 
studying the fuel problem for over 30 
years. Of primary concern is the com- 
bustion of fuel as it occurs in the piston- 
type internal combustion engine and the 
relationships between the nature of com- 
bustion and the environment within 
the engine. 

Chemists study the relation between 
the molecular structure of fuels and 
knock. In addition, they study pre- 
ignition and auto-ignition. One of the 
services they perform is the blending of 
special experimental fuels. In addition to 
the discovery of tetraethyl lead as a knock 
suppressor, they have made many fine 
contributions in fundamental studies of 
combustion and hydro-carbon chemistry. 


Metallurgy Department 


The Metallurgy Department is the 
first Department of Research to have its 
new headquarters at the Technical 
Center. Since one of the basic jobs in 
General Motors manufacturing plants is 
working with metals, it is not surprising 
that the Research Laboratories have a 
large, new building devoted exclusively 
to metallurgical research and develop- 
ment (Fig. 5). In brief, this activity has 
the problem of developing new alloys 
and new processes. Studies are made with 


both ferrous and non-ferrous materials. 


Typical of recent accomplishments is 
a new aluminum dipping process, Aldip, 
which results in a corrosion resistant 
coating for steel stampings, forgings, and 
castings. Not the least of Metallurgy’s 
responsibilities is the cooperative work 
with the other Departments of Research 
and the production Divisions. 


Chemistry Department 


The fuels, lubricants, plating solutions, 
metal cleaners, polishing compounds, 
and any chemical material used by the 
automobile industry, are scrutinized by 
the Chemistry Department. A_ large 
amount of work on improving the dura- 
bility of automobile finishes and protec- 
tive lacquers is done. Polarographic, 
spectrophotometric, spectrographic, and 
colorimetric analyses are some of the 
technical procedures used. One of these 
is illustrated in Fig. 6. 

To study the problem of the effects of 
sunshine, high humidity, and rain on 
painted or plated parts, the Chemistry 
Department operates a test field at Coral 
Gables, Florida. In addition, considera- 
ble time is spent in developing new 
qualitative and quantitative analytical 
procedures. 


Electro-Chemistry Department 


The Electro-Chemistry Department 
combines two separate functions: (a) 
electroplating and (b) rubber and plas- 
tics work. The first is concerned with new 
developments and problems in electro- 
plating and equipment is available to do 
special plating research. Fig. 7 shows a 
typical study. 

The rubber and plastics section works 
on the evaluation and compounding of 
new rubbers, adhesives, and_ plastics. 
The primary concern is with application 
research, filling the gap between the 
producers of these materials and the 
production Divisions which use them. 
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Industrial Hygiene 


The Industrial Hygiene Department 
is a combination of medical, biological, 
and engineering groups whose concern is 
to protect employes from possible sources 
of occupational illnesses. Major services 
performed by Industrial Hygiene are 
consultation on problems of ventilation, 
atmospheric pollution, safe handling of 
chemicals, and periodic blood analyses 
of employes. 

When new methods or materials are 
installed, Industrial Hygiene studies them 
to determine if employe exposure might 
result in illness. With special instruments, 
the Department’s researchers can detect 
minute quantities of gases, dusts, fumes, 
and mists. Then controls are devised and 
safety codes set up to prevent the poten- 
tial health hazard. 


Mechanical Departments 


The Mechanical Departments are 
groups composed largely of mechanical 
engineers, each group specializing in 
some general line of development work. 


Engineering Mechamcs Department 


Crankshaft fillet rolling to increase 
fatigue life is a typical project of the 
Engineering Mechanics Department. 
This group of mechanical engineers and 
mathematicians is concerned with fatigue 
studies and stress analyses of materials 
and parts. For example, fundamental 
work on gearing has made gear drives 
far more durable than they were some 
time ago. Fundamental studies of residual 
stress in highly stressed parts have been 
of great value in giving longer life and 
greater durability when applied to auto- 
motive and aircraft parts. Out of this 
fundamental work has come shot peening 
and other mechanical treatments which 
increase the fatigue life of parts. A com- 
parison of a new and old type of ring 
gear summarizes the results of this work. 
In 1930, a conventional 90-hp engine 
required an 11-inch ring gear. Now a 
7-inch ring gear is used with an engine 
of over 200 hp. 


Automotive Engines Department 


The Automotive Engines Department 
centers its activities around the develop- 


Fig. 6—Preparing samples for spectrophotometric 
analysis, as shown here, is one of the wide variety 
of tests and analyses conducted by the Chemistry 
Department in connection with materials used in 
manufacturing. New materials which may prove to 
be substitutes for existing ones also are examined. 
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ment of more efficient piston-type auto- 
motive engines, engaging in research on 
basic engine design and on specific engine 
components. Studies of fuel economy, 
octane requirements, carburetion, and 
other performance factors are made on 
dynamometers and by road testing at the 
GM Proving Ground near Milford, 
Michigan, 

The past work of this Department is 
largely responsible for present high com- 
pression engines in use by GM (Fig. 8). 
Fundamental engine studies carried on 
since 1945 alone have made it possible 
for the production Divisions to increase 
compression ratios from about 6.5 to 1 
toasmuch as 8.5 to 1—a gain of two ratios. 


Mechanical Development Department 


This Department is concerned with a 
variety of projects: unconventional en- 
gines, Diesel engines, fatigue testing (Fig. 
9), friction, lubricants, and bearings. 
The Department’s Diesel engine project 
is directed at developing higher power 
output and improving the reliability of 
injectors, pistons, connecting rods, and 
cylinders. Work on a fundamental fric- 
tion project is concerned primarily with 
metals sliding on metals to attempt to 
discover why certain metals are compati- 
ble with regard to friction and others 
are not. 

One of the recent developments is a 
mechanical heart pump successfully used 
in operations to permit blood to by-pass 
the heart during the course of an 
operation. 


Special Problems Department 


The Special Problems Department is 


Fig. 5—The new quarters of the Metallurgy 
Department at the GM Technical Center include 
a modern foundry with a total melting capacity 
of almost 3,000 lb per hour. Studies carried on 
here include corrosion, wear of metals, powdered 
metals, and service problems. 


a fourth mechanical engineering group. 
Part of this Department is concerned with 
the development and production of 
Research-designed static and dynamic 
balancing machines like that shown in 
Fig. 10. Balancing machines used for the 
production balancing of rotating parts are 
built and sold by the Research Labora- 
tories Division. This work acts to sup- 
port its large and extensive machine shop. 

Another part of the Special Problems 
Department is concerned with vibration 
and noise problems. Included in this 
work is an active program on special 
instruments which has resulted in the 
development of a strain gauge, torsional 
vibration indicator, and portable vibra- 
tion indicator. This Department also has 
an extensive project on mechanical cal- 
culators and operates the data processing 
machines. It may be that the next gen- 
eration of engineers will need to know 
how to use these mechanical brains just 
as today’s engineers have to know how to 
operate a slide rule. 


Fig. 7—A Diesel connecting rod receives special 
electroplating treatment in the Electro-Chemistry 
Department. Rubber and plastics work is a 
second principal activity of this Department. New 
types of synthetic or natural rubbers are sought. 
Attention also is given to the development and 
application of adhesives and plastics. 


Gas Turbines Department 


The main work of this Department is 
power plant development, with special 
emphasis on gas turbines. Its activities 
include theoretical thermodynamic anal- 
yses plus actual design and test work. 
Besides the facilities at the Research 
Building, the Department maintains a 
separate test building where special gas 
turbine problems are investigated. 

In addition to turbine research, the 
Department conducts studies on Diesel 
injectors and cooperates on other Re- 
search problems in which its knowledge 
of energy cycles is especially valuable. 


Technical Services Departments 


While the activities under the Tech- 
nical Services Departments are not di- 
rectly engaged in research, they are 
important because of the technical serv- 
ices they perform for other Departments. 
The responsibilities of technical refer- 
ences, plant improvement, and mainte- 
nance, which Technical Services Depart- 
ments are designed to perform, would not 
be met by the other Departments without 
the sacrifice of valuable project time. 


Technical Facilities and Services Department 


This Department is a_ specialized, 
technically adept housekeeping unit in 
charge of maintenance, service, project 
facilities, healthful working conditions, 
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and contracts with outside contractors. 
Recently, the work of the Department 
has been devoted almost entirely to the 
planning and construction of the new 
Research buildings at the Technical 
Center. It deals with both the construc- 
tion and layout and the selection and 
purchasing of specialized equipment. 


Processing Department 


The Processing Department’s facilities 
include machine shops, pattern shop, 
grinding room, sheet metal shop, heat 
treat, and die section, plus the welding, 
machine and tool design sections. ‘They 
provide the highly specialized facilities 
for building the things developed by the 
Research technical Departments and 
other units of General Motors. One of 
the important reasons for the success of 
Research is the unexcelled facilities for 
making the new instruments, machinery, 
and equipment which have always been 
available. About one-third of Research 
personnel are employed in the various 
shops in order to make the Research 
Laboratories Division independent of 
outside sources of fabrication. 


Library 


Scientific and technical books and 
periodicals are as essential as precise 
instruments and test equipment. The 
Research Library, organized about 30 
years ago, now houses approximately 


Fig. 8—The Automotive Engines Department 
conducts research on basic engine design and on 
specific engine components. Complete engines for 
research study can be constructed with the shop 
facilities of the Division’s own Processing Depart- 
ment. This engine may be altered to operate at 8, 
10, or 12 to | compression ratios in high-octane 
fuel studies. 


35,000 pieces of technical literature and 
is still expanding. Its periodical sub- 
scription list totals 347. In performing its 
function within General Motors, the 
Library sends materials throughout the 
free world. One service is the distribu- 
tion of research reports throughout the 
Corporation as permanent copies to 
interested personnel. 


Personnel Department 


The objective of the Personnel Depart- 
ment, one of the Administrative Services 
group, is to provide Research with 
quality manpower. It recruits college 
graduates and technical personnel for 
the laboratories and oversees employe 
and labor relations. In addition, it man- 
ages programs for college graduates in 
training, cooperative students, appren- 
tices, and summer students. The enlarg- 
ing of the self-improvement program for 
Research engineers is the Personnel 
Department’s newest project. 


Research Accomplishments 


Since its origin 33 years ago, the 
Research Laboratories Division has 
worked on thousands of projects aiming 
at the development of new products and 
the improvement of old ones. The suc- 
cessful ones are used on every General 
Motors product. The unsuccessful ones 
have prevented the Divisions from mak- 
ing mistakes in the production of their 
products. 

The advancements in which the Re- 
search Laboratories Division has partici- 
pated are too numerous to list herein. 
Typical and significant are the following: 
the development of Ethyl gasoline, which 
permitted the evolution of high compres- 
sion engines with greater efficiency and 
power; the Diesel engine development, 
resulting in a new type two-cycle engine 
that brought efficient, low-cost Diesel 
power to the railroads and ships; gear 
studies, contributing to better rear axles 
and transmissions; harmonic balancers, 
making engines run more smoothly; 
chromium plating for protection of deco- 
rative metal parts. Still other develop- 
ments are domestic mechanical refrigera- 
tion, lacquer finishes, static and dynamic 
balancing machines, bright copper plat- 
ing, safety glass, quantitative spectro- 
graphic analysis, Triptane process, 
copper-lead bearings, instantaneous silver 
plating process, and tellurium-treated 
malleable iron. These are aside from the 
extensive long-range studies in magne- 
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Fig. 9—This hydraulic fatigue testing machine, 
built by the Division, provides information on 
automotive engine components for investigations 
carried on in the Mechanical Development 
Department. Tests also are made on bearings, 
lubricants, surface finishes, Diesel engines, and 
automobile cooling. 


tism, combustion, bearings, friction, and 
brakes. Recent developments have been 
Aldip, an aluminum dipping process; 
new high temperature alloy materials for 
gas turbines; surface finish gauge; bright 
copper plating; high compression engines, 
and new types of balancing machines. 


Technical Center 


The Research Laboratories Division is 
making plans to complete its move to the 
General Motors Technical Center, its 
fourth home since 1920. Begun in 1949, 
the Technical Center buildings assigned 
to Research are expected to be completed 
during 1954. As Research moves to the 
Technical Center, it will acquire some of 
the finest facilities of their kind in the 
world—in keeping with the expanding 
importance of science and engineering 
in modern industry. 

The metallurgical building, already 
in use, houses new and expanded facili- 
ties including electric and gas furnaces, 
molding and pouring equipment, metal- 
lurgical laboratories, high temperature 
alloy creep test cells, salt spray cabinet, 
humidity room, pattern shop, and office. 
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The new foundry, now in operation, per- 
mits the Metallurgy Department to 
expand the variety and quantity of cast- 
ings produced for service and develop- 
ment work. 

The mechanical building, now being 
occupied, contains the engine dynamom- 
eter rooms, fatigue test machines, bear- 
ing test machines, and other mechanical 


Fig. 10—A propeller shaft balancing machine, 
designed and built by the Special Problems 
Department, is one of a variety of types and sizes 
used for parts like the tiny wheel of an automobile 
clock or a Diesel-electric locomotive armature. 


engineering equipment. A separate fuel 
blending building supplies the many 
kinds of gasoline and fuel oil needed in 
the dynamometer rooms. 

Separated from the main group will 
be a special building for gas turbine 
research. It will contain test cells for 
both large and small turbines. 

A process building will house the 
machine shops, heat treat shops, electro- 
plating facilities, cold rooms, and garage. 

The long, three-story laboratory build- 
ing will contain the various chemical, 
industrial hygiene, electrical, and physics 
laboratories plus the executive offices, 
drafting rooms, and library. 

A large automotive wind tunnel and a 
radioactive isotope laboratory will com- 
plete the present program of eight new 
Research buildings. 


Summary 


Most of today’s new products—arti- 
ficial silk, anti-knock gasoline, synthetic 
rubber, and light-weight alloys—come 
from industrial research laboratories 
backed by enlightened business manage- 
ment. Research gives more new knowl- 
edge every year than this generation’s 
grandfathers had in a lifetime. It is possi- 
ble to depend on something in addition 
to the nation’s natural resources of farm, 
mine, and forest. Organized research 
supported by industry has already given 
much—and offers more for the future. 


Making Castings by Shell Mold 


and Investment Processes 


By ROBERT R. DOHRMANN 
Fabricast 


Division 


A completed part must be true to print, and conventional sand molding methods fol- 
lowed by machining and other finishing operations yield required accuracies. However, 
the closer tolerances are held in the foundry, the less subsequent work is required, and 
considerable attention is devoted today to methods for holding castings to closer 
tolerances. The shell process, based on certain German patents which have been 
released to industry, is one rather recent method and another is investment molding, 
which has grown from the /ost wax* process. Both methods have advantages and limita- 
tions which must be understood before their application to production of castings. 


WO METHODS available to precision 
casting foundries are shell molding 
and investment molding. The former is 
of more recent vintage, originating in 
the year of 1945 when certain German 
patents were investigated by the Allied 
Powers and released to industry. Invest- 
ment molding is a refinement of the lost 
wax process which, in the past decade, 
has been adapted to the production of 
close tolerance, high finish parts cast 
from the heat resistant alloys used in the 
jet engine. 
Neither of the two methods produces 
a precision product by present day 
machining standards, but the castings 
produced are precise when compared to 
products of conventional sand molding. 


Shell Mold Casting 


(For a comment by J. H. Smith, gen- 
eral manager of the Central Foundry 
Division, on the shell mold process, see 
page 11.) 

Shell mold casting provides a bridge 
between the possibilities of sand casting 
and investment casting, and is presently 


*Glossary on p. 12. 


being used for producing castings up to 
about 25 lb in weight. Fig. 1 shows some 
typical Fabricast products cast from 
shell molds. 

The process involves a relatively ex- 
pensive molding material. The greater 
expense can be offset by low-weight 
shells, increased casting accuracy reduc- 
ing machining costs, superior surface 
finish, and the ability to form small, 
intricate cored sections that would be 
difficult or impossible in conventional 
sand molding. Dimensional accuracy 
stems from the fact that the shell is 
formed and cured on an accurate metal 
pattern. 

A shell mold or core is produced from 
sand mixed with a thermosetting phenolic 
resin binder which is dumped or blown 
against a hot metal pattern or core box. 
The shell is cured while on the pattern, 
and after stripping is immediately ready 
for assembly and pouring. Fig. 2 shows 
a representative shell mold core and 
pattern equipment. 


Shell Mold Material 
The selection of a sand for shell mold- 
Fig. | (left)—Typical shell mold castings: 


cylinder liner and valve tree (left) of alloy grey 
iron and regulator plate (right) of aluminum. 


Fig. 2—Typical shell mold core and pattern 
equipment. 


How modern methods 


yield parts of good 


dimensional accuracy 


ing is based upon various factors, prin- 
cipally: finish required, mold strength, 
and permeability. These requirements 
vary with different metals and casting 
types. Coarse sands require less binder 
to provide adequate strength, but result 
in a rougher casting surface. A silica 
float sand of 115 AFS fineness has been 
found to be a good general purpose sand. 

Most of the commercially available 
shell mold powdered phenolic resins are 
comparable in quality and cost. The resin 
content is maintained at six to eight per 
cent of the sand weight; however, pre- 
liminary work on resin-coated sand indi- 
cates that resin contents as low as three 
and one-half per cent are feasible. Resin 
cost is the major price factor in shell 
molding, and the resin content is, there- 
fore, held at a minimum. 

Refractory additives such as iron oxide, 
aluminum oxide, and silica flour, are 
occasionally added where finish, mold 
reaction, or metal penetration are cast- 
ing problems. 

Mixing of the media is accomplished 
in conventional mulling equipment with 
the addition of a wetting agent or light 
oil to suppress dust and improve resin 
distribution. 


Fig. 3—Investment cast gas turbine components. 


Shell Mold or Core Production 


Patterns are usually made of grey iron, 
and occasionally aluminum. Accuracy is 
_ paramount in the shell pattern equip- 
| ment, which must incorporate metal 
shrinkage, shell mold shrinkage, and one- 
half to one degree pattern draft. 

Blowing of shells is accomplished with 
a specially designed blowing apparatus. 
The heated pattern (350-400° F.) is 
_ placed under a blow-head, which is a 
female of the pattern containing blow 
_ tubes and vents; the shell is blown, and 
the pattern and green shell removed to 
/ a curing oven (600-800° F.). Curing is 
effected in one and one-half to two min- 
} utes at 800° F. Curing temperatures 
| above 800° F. invariably result in objec- 
' tionable shell warpage. 

The cured shell is parted from the 
; pattern by ejector pins incorporated in 
§ the pattern. The pattern is blown clean 
) with air and sprayed with a parting 
§ compound preparatory to producing the 
j next shell. Blowing of shells has the 
) advantages of accurately filling intricate 
§ pattern sections, forming a uniform shell 
t thickness enabling the use of form fitting 
s backing frames, and eliminating the 
§ pattern rollover necessary to the dump 
1 process. Disadvantages of blowing are 
+ resin segregation and unavailability of 
© commercial equipment for automatic 
© operation. 
| The dump process uses a molding box, 
yf mounted on trunnions, containing the 
% molding media. The heated pattern is 
| placed face down on the box, the box 
i inverted for 15 to 30 seconds to allow the 
= desired shell buildup, the box re-inverted, 
i and the pattern and green shell removed 
| to a curing oven. Commercially available 
dump machines produce shells by mold- 
jing, curing, and stripping automatically 
Nat a rate of 40 to 60 per hour. The dump 
a process has the disadvantage of being 
unable to produce sound shells in intri- 
i cate casting sections, but is advantageous 
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on account of the availability of com- 
mercial equipment and simplicity for 
tooling for small job lots. 


Mold Assembly and Pouring 


This phase of operation most critically 
affects the dimensional quality of shell 
castings. Gluing, stapling, taping, or 
clamping, followed by imbedding the 
shell in sand or shot, have proven to be 
unsatisfactory where dimensional accu- 
racy is of prime importance. Tape and 
glue tend to hold the parting line of the 
shells apart in mold assembly and, with 
the sand or shot backing, lack sufficient 
strength to withstand the heat and hydro- 
static pressures of the molten metal. 
Hence, Fabricast Division has designed 
and uses for most purposes a permanent 
backing apparatus employing metallic 
frames which are contoured to the backside 
of blown shells. On grey iron castings, a 
backing of this type results in dimen- 
sional accuracy of about +0.003 in. 
per in. on areas contained in one shell 
and +0.007 in. per in. across the shell 
parting. 

Another method, applicable to small 
job lots and experimental runs, is to 
back the shells with dried sand and clamp 
or wedge the backed shells together. 


Casting Shakeout and Cleaning 


The high metal temperatures in pour- 
ing ferrous alloys reduce shell mold 
shakeout to a minimum as the resin 
binder burns out and converts the shell 
to a mere layer of sand. However, in 
non-ferrous alloys, the removal of com- 
plicated shell mold or core sections can 
be complicated by the fact that the lower 
metal temperatures do not break down 
the resin bond. 

Only a minor amount of sandblasting 
is required to clean castings after shakeout. 

Shell molding is inherently expensive, 
as the high cost of powdered resin binders 
renders the molding media four to five 
times as costly as dry sand. The cost of 
the shell mold mix per pound is over five 
times the cost of a pound of the oil sand 
mix. 


Investment Casting~ 


The investment process is usually ap- 
plied to castings of small size (one pound 
or less) and utilizes expensive materials 
and processing. It produces castings of 
excellent surface finish, and its dimen- 
sional accuracy stems from the use of an 


Fig. 4— Investment cast multistage turbine vanes 


and blades. 


accurate expendable pattern, plus the 
use of a one-piece mold free from parting 
lines. However, minor surface imperfec- 
tions invariably occur which must be 
removed by polishing or machining, and 
render the production of precision as cast 
threads or working surfaces quite difficult. 

This discussion concerns the produc- 
tion of turbine buckets, blades, and 
vanes for gas turbines cast in heat resist- 
ant alloys, which are generally regarded 
as neither forgeable nor machineable. 
Tolerances required on 4 in. thick air- 
foil sections are +0.0075 in. with a true 
overall spread on castings more closely 
approximating +0.010 in. Typical in- 
vestment castings produced at the Fabri- 
cast Division are shown in Figs. 3 and 4. 


Pattern Production 


An accurate expendable pattern of 
wax or plastic is formed in precision dies 
on an injection machine. Soft metal dies 
are usually used for short-run wax injec- 
tion, while steel is used on long term 
runs and is required for plastic injection. 
These dies are extremely expensive due 
to the precision required. 

Polystyrene plastic patterns are pre- 
ferred to wax, as they are more dimen- 
sionally stable, easier to handle, and 
easier to produce due to the availability 
of high quality injection molding ma- 
chines. Many types of injection waxes 
are available at about two and one-half 
times the cost of polystyrene. Both types 
of material are discarded after pattern 
burnout, as this operation adversely 
affects their physical and chemical 
properties. 

Runners, risers, and other elements 
are also of wax or plastic and are joined 
to make a pattern assembly by wax 
soldering or adhesives. 


Fig. 5—Typical pattern components (left) and 
pre-coated pattern assembly. 


Pattern production is one of the most 
critical phases of investment casting as 
the castings can be no better than the 
patterns, and in general, pattern defects 
are magnified by casting variables. 


Dip Coating Patterns 


A two-step investment, utilizing a thin 
pre-coat backed by a coarse secondary 
investment, is preferred in casting high 
temperature alloys. 

The pre-coat material is a formulated 
slurry of silica flour with a sodium silicate 
binder. The binder also contains an 
additive for providing green strength, 
octyl alcohol for defoaming, a wetting 
agent, and has a water base. The formu- 
lation and viscosity of the material are 
maintained under rigid laboratory con- 
trols, as this media is critical in that it 
forms the casting surface. It must have 
expansion properties compatible with the 
secondary backing, form a smooth mold 
surface free from voids or cracks, and 
remain stable throughout the remainder 
of processing. The pattern assembly is 
coated by carefully dipping it into the 
slurry in a manner suitable for producing 
a uniform coating free from entrapped air. 

The coated assembly subsequently is 
air dried under controlled conditions, as 
excessive temperature variations or too 
rapid drying causes the coating to crack 
or part from the pattern and result in 
poor casting quality. 


Pattern Investment 


The dried, coated pattern is attached 
to a metal plate by molten wax. A heat- 
resistant flask is placed around the 
pattern and sealed to the plate to hold all 
units in place for the investing operation. 

The investment media is a refractory 
mixture of dead burned fire clay, silica 
flour, and minor percentages of an accel- 
erator and a strengthening additive. 
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Fig. 6—Typical investment mold. 


These materials are first dry blended and 
then mixed with a hydrolyzed ethyl 
silicate-alcohol binder to produce an 
investment slurry. The cost of the slurry 
used in this process is moderate. An 
average mold requires about 15 to 20 lb 
of this material. 

The flasks are filled with the slurry 
and placed on a vibrating table for about 
one-half hour to vibrate out included air, 
force out excess liquid binder, and firmly 
pack the investment about the pattern. 
The molds are allowed to set for about 
one hour after vibration, at which time 
gelation of the binder has occurred. The 
plates are then broken loose from the 
mold, and the mold is then oven dried. 


Mold Burnout and Preheat 


Molds are burned out and preheated 
in a gas-fired pusher furnace. The en- 
trance end of the furnace is kept at 
600-900° F., while the exit end is 1,600- 
1,900° F. Specific temperatures within 
these ranges are determined by the cast- 
ing and type of metal being poured. The 
time cycle is six to eight hours, and a 
minimum time and temperature must 
be observed to prevent cracking of the 
molds and to insure removal of all 
organic pattern material. 


Melting and Pouring 


Heat resisting alloys such as used in 
turbine buckets of gas turbines require 
melting and pouring under an atmos- 
phere with absolute temperature control. 
Melting is done in induction furnaces, 
and pouring effected by clamping the 


Fig. 7—Sandblasted casting tree with finished 
casting in foreground. 


mold over the furnace crucible and 
inverting the furnace. 

Molds are cooled prior to shakeout, 
whence they are sandblasted and routed 
to cleaning and inspection operations. 


Casting Cleaning and Inspection 


Casting gates and runners are removed 
by abrasive cut-off wheels, and finish 
blending and polishing accomplished on 
belt sanders. By no means are casting 
finishes obtained in the cleaning room, 
as surfaces merely require removal of 
occasional projections and defects. De- 
fects in critical areas cause rejection of 
aircraft quality castings even though 
cleaning can be accomplished. 

Inspection specifications require rigid 
acceptance standards. Each casting must 
pass X-ray, Zyglo, acid etch, dimen- 
sional, and visual inspection, and also 
must be identified as to master heat 
number. 

Figs. 5, 6, and 7 show a typical pattern 
assembly, dipped pattern, investment 
mold, and resultant castings. 


Conclusion 


To summarize, both the shell mold 
and investment processes have much to 
offer to foundry practice. 

Shell molding is a novel process cap- 
able of overcoming some limitations of 
conventional sand molding methods, and 
it introduces new casting possibilities. 
However, it requires careful evaluation 
by foundrymen prior to application for 
production. 
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The investment process is the most 
precise of existing foundry techniques 
and requires expensive materials, special 
equipment, and stringent controls. While 
constant development is aimed toward 
simplification of operation and reduction 
of costs, no drastic improvements can 
be foreseen in the near future. 
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A Comment 


( ; OUNDRY- 


MEN are well 
aware of the 
potentialities of 
the shell mold 
process. To the 
engineer it can 
be described as 
a method of 
producing cast- 
ings witha finer Ss 
finish and to much closer tolerances 
than can be produced by the present 
green sand or dry sand molding 
method. 

We at Central Foundry Division 
consider the shell mold process to 
be among the most important of 
our time in the foundry industry. 
Recent developments and future im- 
provements may revolutionize 
foundry molding techniques to the 
point where it will be more econom- 
ical to produce most small castings, 
and some large castings, by the shell 
mold process as compared with con- 
ventional, green sand molding. 

Two important advantages of the 
shell mold process are the drastic 
reduction in the molding material 
handled—the sand requirement for 
a shell casting is approximately one- 
eighth of that required for the green 
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sand method—and the adaptability 
of the molding operation to com- 
plete mechanization. 

The cost of the phenolic resins 
used to provide the bond material 
for the silica grains in the construc- 
tion of the shell is the main reason 
for the process not being more widely 
used. There seems to be little chance 
of a reduction of the present high 
cost of phenolic resin because of the 
stable price of phenol. Manufac- 
turers are striving to discover suit- 
able resin substitutes and resin ex- 
tenders. The Research Laboratories 
Division has a continuous program 
to try to find a substitute for phenolic 
resin or a material which can be 
blended with phenolic resin to pro- 
duce a less expensive mix. Even at 
the present high resin cost, many 
castings can be produced at a cost 
comparable to green sand molding. 
This is particularly true where cores 
can be eliminated by the use of the 
process. 

Many of us who have spent our 
entire working life in the foundry 
industry visualize the great possi- 
bilities in the shell mold process and 
are looking forward to the develop- 
ment of many new and profitable 
applications of this process. 


J. H. Surry 
General Manager 
Central Foundry Division 


McGraw-Hill Book Company, Inc., 
1947). 
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Knaccs, N. S., Adventures in Man’s First 
Plastic (New York: Reinhold Publish- 
ing Corporation, 1947). 
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land: Malleable Founder’s Society, 
1944). 
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Glossary 


For paper beginning on page 8: “Making Castings 


by Shell Mold and Investment Processes.” 


Acid etch inspection is the treat- 
ment of a metal surface by an acid 
for purposes of metallographic anal- 
ysis or detection of flaws. 

Blowing (core or shell) is a process 
of forcing a molding material, by 
use of air, into a pattern cavity. 

Curing is a process of hardening a 
mold to a useable degree of strength. 

Flask is the term for a metal or 
wood box without top or fixed bot- 
tom containing sand which is rammed 
around a pattern. Usually consisting 
of two parts, the lower part called 
the drag and the upper part called 
the cope, the flask remains on the 
mold during pouring. In investment 
casting, the flask is a one-piece unit. 

Gate is the term for the main 
channel cut or molded for the pur- 
pose of conducting molten metal 
from the runner into the mold 
cavity. 

Injection machine is the term for a 
molding machine in which the 
material is fed by gravity to a 
circular heating chamber to be com- 
pressed, softened, and, under con- 
siderable pressure, injected into the 
closed mold. The finished product, 
hardened in the mold by cool water 
circulated through conduits in the 
mold, is ejected as the injection 
plunger retracts and opens the mold. 

Lost wax process is the name of 
an industrial application of cen- 
trifugal casting using plaster of paris 
molds and used by the jewelry 
industry for many years. In this 
method, vulcanized rubber, stripped 
from the model, is used as a mold for 
pouring wax patterns. A number of 
these patterns are set into a’ flask 
which is filled with plaster of paris 
and allowed to harden. The flask is 
inverted and steam or hot air is 
blown into the mold causing the 
wax pattern to melt and run out of 


the mold cavity. The plaster mold, 
placed on a whirling arm, is fed 
molten metal from a small furnace 
holding just enough metal for one 
mold. 

Parting line is the line on the 
casting along which a pattern is 
divided for molding or the line at 
which the two halves of mold meet. 

Pattern draft is the term applied 
to the taper on all vertical pattern 
surfaces which allows the pattern 
to be removed from the sand without 
excessive rapping and injury to the 
mold. 

A pusher furnace is one of two 
types where (1) the parts are pushed 
against each other as in the con- 
tinuous reheating furnace, and (2) 
the parts are loaded in trays which 
are pushed through the furnace. 

Riser, or feeder head, is the term 
for a well of molten metal placed 
above the heavy sections of a casting 
to compensate for the contraction of 
the casting as it solidifies. Risers 
remain liquid longer than the cast- 
ing and, as the casting solidifies, feed 
into the mold cavity by force of 
gravity. 

Runners are channels in the mold 
used for quick transfer of molten 
metal. 

Shakeout is the rapping or vibrat- 
ing of a poured mold to successfully 
remove the casting from the molding 
media. 

Slurry is a mixture of silica flour 
and a sodium silicate binder used 
in casting processes. 

X-ray inspection is a method of 
testing and analyzing materials and 
castings by X-ray photography. 

Zyglo inspection is a testing 
method used for non-magnetic 
metals. This method uses fluorescent 
powder and black light to locate 
cracks in the metal. 


A MESSAGE TO 
ENGINEERING 


EDUCATORS 
about the 


GENERAL MOTORS 


HE experimental issue of the General 

Motors Engineering Journal was pub- 
lished in July. The gratitude of the 
Advisory Board and Editorial Staff goes 
to those many who have offered their 
comments on how this periodical might 
most effectively convey technical infor- 
mation from our laboratories and plants 
to engineering classrooms. 

If you have not requested, directly or 
indirectly, to be placed on our regular 
mailing list you are invited to do so by 
writing to the editor on your institu- 
tion’s letterhead. 

While we intend the periodical specifi- 
cally for the field of engineering educa- 
tion, we would find it extremely difficult 
and costly to maintain accurate mailing 
information on students because they 
change addresses so often. We have 
therefore established the policy of 
distributing to students only through 
engineering educators who might see fit 
to use the periodical in some way in 
connection with classroom work. Let us 
know if you wish to receive copies for 
this purpose. Requests for bulk quantities 
also may be directed to the editor. 

General Motors engineers are anxious 
to present technical information which is 
of value to engineering education and 
want to present it in a way that is most 
useable. Your comments on_ specific 
papers or on the periodical generally 
are much appreciated and each letter is 
given serious consideration. 


TiinnEA need 


KENNETH A. MEADE, 
Secretary, Adivsory Board 
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fabricating economy without sacrifice of quality is demonstrated in the method 
employed by Fabricast Division in producing accurate aluminum alloy castings for 
nanufacture of the converter end of the Buick automatic transmission. Cores are made 
9y the new foam plaster process, which is less complicated than the two other plaster 
srocesses and provides a wider range of core permeability simply by altering the foam 
rolume. Tensile strength of the resulting castings approaches that of those produced 


n sand or metal molds. 


LASTER is used in the foundry for 

molds and cores because of its ability 
O reproduce accurately in non-ferrous 
-astings the dimensional accuracy and 
urface smoothness of the patterns used. 
Plaster-molded aluminum castings are 
urpassed in these characteristics only 
Ny pressure die castings. They are suited 
o those applications where pressure die 
sastings cannot be used because of intri- 
sate coring, casting size, and the eco- 
1omics of production quantities. Lower 
sasting costs and smooth internal cored 
Jassages can be achieved by using some 
ypes of plaster cores in gravity perma- 
rent molds. 

Plaster is received by the foundry for 
ise as calcium sulphate in the hemihy- 
irate form, or containing half a molecule 
»f water to one of the compound forming 
he hydrate. When the calcium sulphate 
s combined with proper amount of 
water, it converts to a dihydrate, a com- 
ound containing two molecules of water, 
which causes the mass to harden or set. 
[he equation for the reaction is as follows: 


CaSO,).° H,O + 3H,O = 2(CaSO,: 2H,0) 


[he set time, which is important from a 
production standpoint, is accelerated by 
mall amounts of Terra Alba (ground 
rypsum rock) or potassium sulphate. Low 
vater-to-plaster ratio accelerates as well 
is does high water temperature. 

Plaster expands while setting, and it is 
lesirable to minimize the set expansion. 
This is controlled by high water-plaster 
atios or additives such as Portland 
ement and potassium sulphate. Filler 
naterials can be used, such as sand, talc, 
yr ceramic fibers, which contribute to 
he green strength, thermal conductivity, 
ind surface finish of cores and molds. 

After plaster molds are set, they are 
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removed from their core boxes and are 
dried to remove water. To minimize 
steam in the plaster cores and prevent 
eruption of steam through the molten 
metal entering the mold cavity, all of 
the free water and nearly all of the com- 
bined water are removed in most plaster 
casting processes. It is necessary that 
cores be permeable to allow escape of 
gases through the core to the outside 
atmosphere. 

The only difference between the three 


Fig. |—Bean process plaster core (X10). Enlarged 
photograph shows the internal structure of the 
core with clusters of calcium sulphate crystals, 
sand grains, and the inter-connecting channels 
between the crystal groups. 


Fig. 2—Foam plaster process core (X10). En- 
larged photograph shows the network of the 
plaster skeleton structure with the inter-connect- 
ing foam cells. 


By KENNETH B. BLY 


Fabricast Division 


Kitchen ease in foundry: 
“‘Blend 2 cups foam, 2 cups 
slurry; set in core box; 


oven dry below 400°F.”’ 


processes used in this country for making 
plaster cores and molds is the method of 
achieving permeability. The first of 
these processes is called Capacol, and 
utilizes an excess: amount of water to 
form inter-connecting voids. A high 
temperature drying of the molds at 
1,500° F. results in a limited amount of 
permeability. The next process, the Bean’ 
process, makes use of a steam-pressurized 
autoclave to perform a crystalline struc- 
ture change in the plaster molds. (An 
autoclave is an apparatus in which liquids 
can be heated to above their normal 
boiling points without complete vapori- 
zation.) This process causes the calcium 
sulphate crystals to readjust themselves 
to the existing situation and collect into 
small groups to form balls with voids 
between the crystalline clusters. Fig. 1 
shows the typical structure found in the 
Bean process cores. The cores are dried 
at temperatures of 350-450° F. with 
permeability ranging to 40 AFS (Amer- 
ican Foundrymen’s Society) units. 

The foam plaster process, which has 
recently been employed at Fabricast 
Division, Bedford, Indiana, differs from 
the previous methods in that the per- 
meability or inter-connecting voids are 
introduced during the wet mixing of the 
plaster slurry, or thin, watery paste. 
The process is being used to make the 
vane passage cores for the torque con- 
verter elements for the Buick Dynaflow 
transmission. These cores are being used 
in conjunction with gravity permanent 
molds. 

Permeability in the foam plaster proc- 
ess is the result of a maze of inter-con- 
necting air cells produced in the set 
plaster mold by introducing a surface 
active agent into the plaster-water slurry 
to form a foam cell structure which is 
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Fig. 3 (above)—View of Plastermat, foam plaster 
mixing machine. Operator is pouring plaster 
slurry into foam at blending station. 


Fig. 4 (left)—Plaster pouring. Operator is filling 
vane core box with foam plaster. 


Fig. 5 (below, left)—Core removal. Foam plaster 
cores being removed from core box, cleaned, and 
placed on drying tray. 


Fig. 6 (below, right)—Core assembly. Dried 


foam plaster cores being assembled into drag core. 


uniform and small in size. The foam| 
introduced should have a surface tension) 
such that the cell walls break during the} 
setting of the plaster. Fig. 2 shows the} 
typical cell structure of a foam plaster} 
core. 

Experience has shown that higher per-} 
meabilities, better fluidity, and higher} 
tensile strength cores can be made if the} 
foam cells are pre-generated to a pre-} 
determined volume, and then blended) 
with a plaster slurry. 

The permeability of the vane cores} 
made from this plaster mix is expected] 
to fall in the range of 40-80 AFS' units.| 
This can be varied by controlling the} 
amount of foam produced for the mix. 

The production operations for making | 
foam plaster vanes for Buick vane cores} 
start with the making of the dry mix of] 
the plaster material with silica sand in} 
one-thousand-pound batches. The dry} 
mix is fed overhead to a hopper above the} 
plaster mixing machine. The plaster) 
mixing machine, called the Plastermat, | 
consists of an indexing table with brackets | 
for mounting the 24 cups, as shown in} 
Fig. 3. 

Clockwise on the machine table, all) 
odd cups are slurry cups and even cups} 
are foam cups. It is only necessary for the 
operator, as shown in Fig. 3, to pour the 
contents of the two slurry cups into two} 
foam cups for blending. Two cups of| 
final mix are received from the machine | 
every 30 seconds. The final mix is trans- | 
ferred to a pouring cup and the plaster | 
mix is then poured into the cavity of a 
phenolic resin vane core box, as shown 
in Fig. 4. The core boxes are mounted on 
a continuous table conveyor. 

When the plaster is partially set, the 
excess is scraped from the top of the core 


Fig. 7—Buick Dynaflow pump core assembly 
shown in position for permanent mold cope closing. 


box. After 14 minutes, the core is re- 
moved from the box. The core boxes are 
then blown clean with air and sprayed 
with oil, which acts as a parting com- 
pound. After removal from the core box, 
the cores are inspected for defects and 
placed on a tray which will receive the 
exact number required for a particular 


Fig. 8—Buick Dynaflow pump casting with the 
core assembly of foam plaster cores and drag core 
which was required to produce the part. 
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Fig. 9—Torque converter stator element castings (right) with the core assembly (left) required to produce 
the part as a semi-permanent mold casting. 


casting, as shown in Fig. 5. The trays are 
stacked and removed to a box drying 
oven for four hours. 

The drying temperature and time 
must be controlled because of its effect 
on core size. The foam plaster expands 
0.0012 in. per in. during setting, and with 
drying temperatures of 400° F. or below, 
the cores contract to the original core 
box size. Of course, core size depends on 
the accuracy of the core boxes used; the 
plastic core boxes used in this process are 
made to +0.0005 in. tolerances, in order 
to insure good core fits when 28 to 44 
vane cores are assembled in a ring. 

Fig. 6 shows the assembly of Buick 
torque converter pump vane cores in a 
drag, or lower casting box, core after 
drying. The vane cores are pasted into 
the drag core, and the paste is dried by 
placing the assemblies in a drying oven. 
After the second drying, the assemblies 
are placed on a permanent mold drag. 
The permanent mold cope, or mold 
cover, is closed over the core assembly 
and the molten aluminum alloy (355 
type alloy) is poured into the permanent 
mold. Fig. 7 shows the Buick torque 
converter pump core assembly located in 
the permanent mold drag. A finished 
pump casting after cleaning and heat 
treatment is shown in Fig. 8 beside the 
core assembly which was required to 
produce it. An illustration of the use of 
vane cores without a drag assembly core 
is shown in Fig. 9. This torque converter 
stator is made by picking the vane cores 
in a core-setting fixture and placing them 
in a full permanent mold. 

The foam plaster process has a number 
of production advantages over the use of 
other plaster processes. A wide range of 


permeability is available by changing 
the foam volume. The plaster cores can 
be processed only by drying in ordinary 
ovens without the necessity for high- 
temperature drying or steam-pressurized 
autoclaves. The dimensional accuracy 
and surface finish of the castings pro- 
duced is comparable to those of the 
other processes. 

Aluminum castings made in complete 
plaster molds have lower mechanical 
properties than those produced in sand 
or metal molds. This occurs because the 
refractory nature of plaster results in a 
slower solidification rate of the metal 
being cast in the mold. However, the 
permeability, high dry strength, and 
dimensional accuracy of foam plaster 
cores make them adaptable for use in 
semi-permanent mold castings. The me- 
chanical properties of the foam plaster 
core, permanent mold castings approach 
the high strengths achieved from full 
permanent mold. 
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Raising the Limits for Thrust Measurement 
in Jet Engine Testing 


Py 


During testing of production jet engines and in the development of new engines it is 
necessary to measure accurately the thousands of pounds of developed thrust. The two 
elements of a laboratory test setup are a means of supporting the engine under test and 
a means of measuring the thrust forces generated. An advanced thrust measuring 
system uses flexible supporting members and a metering mechanism which uses a 
Wheatstone bridge to translate the physical movement of the thrust platform into an 
electronic signal. Accurate data obtained from this and other systems help in improving 


the performance of jet engines. 


NE of the important phases of turbo 
O jet engine development is accurate 
measurement of thrust. Since thrust is a 
measure of the usable work developed by 
the engine, it is of prime importance to 
the aircraft as well as the engine manu- 
facturer. 

Design work on thrust measuring in- 
struments, with respect to Allison turbo 
jet engine testing, started early in 1944 
with a 1,600 lb thrust unit, and has 
evolved into systems capable of measur- 
ing several that thrust. This 
increased range and desire to achieve 
more comprehensive, accurate data have 
made necessary entirely new instruments 
and linkages, the development of which 
is discussed herein. 

A prime design criterion in any meas- 
uring device is accuracy. In the realm of 
thrust measurement, accuracy is affected 
by all of the various components of the 
system and by all of the dynamic and 
static forces which act on those com- 
ponents. The combination of these fac- 
tors presents certain predictable and 
unpredictable errors, which can _ be 
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Fig. l—Early thrust measurements were made 
with engine mounted in a floating cradle. 
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minimized but cannot be entirely elim- 
inated. It is therefore necessary to certify 
the system by accurate calibration both 
at the time of initial installation and at 
frequent intervals during operation to 
maintain the high quality of thrust 
measurement required. Certain basic 
design considerations such as range, 
durability, and ease of maintenance must 
be designed into a system in such a 
manner that they impose little effect on 
the ability to obtain satisfactory calibra- 
tions having good repeatability char- 
acteristics. 

There are usually two major con- 
stituents in any thrust measuring system: 
(a) linkage required to support the 
engine and freely transmit the thrust 
force, and (b) a load reaction device 
which has the ability to convert thrust 
to a readable quantity. 


Types of Support Linkages 


Many types of thrust linkages have 
been used successfully and a few of the 
more common applications are described 
below. 


TEST CELL FLOOR LINE Wy, wr, 


1 


Sf BELL crank § 
i aks BEARINGS 


Fig. 2—The parallel linkage overcame some of the 
weaknesses of the floating cradle system. 
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The Floating Cradle 
The floating cradle (Fig. 1) represents 


an early attempt to obtain a low friction — 


device for thrust transmission. It con- 
sisted of a steel cradle supported from 


above by means of four rods. Thrust was 


transmitted through tension rods to a 


bell crank and hence to the load 


instrument. The bell crank in this case 
was designed having a mechanical ad- 
vantage of two, which required the load 
cell to counteract a force half the 
magnitude of the engine thrust. 

Many difficulties became apparent 
with this installation. The load device 
was subject to damage from the heat 
encountered in the combustion section 
of the engine and required shielding. 
The possibility of support rod or instru- 
ment damage due to major engine 
failure was ever present. The versatility 
of the cradle was poor, making observa- 
tion, installation, and adjustment of the 
engine difficult. 


The Parallel Linkage 


The parallel linkage installation (Fig. 
2) was the next attempt at achieving a 
rugged, durable arrangement. In this 
installation the engine was supported 
from a baseplate by means of the vertical 
compression members of the parallel 
linkage, which in turn supported the 
weight of the engine and cradle. The 
forward vertical member was designed 
as a bell crank, similar to the crank in 
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TEST GELL 
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Fig. 3—Flexure linkage system as installed at 
Allison Division. 


By EUGENE F. COLDITZ 


Allison Division 


How jet engine 
thrust is 


accurately measured 


the floating cradle system. A careful 
adjustment was necessary to insure that 
he weight of the engine passed through 
he bearing and did not impart a moment 
yn the lever arm. A pneumatic force, 
palance type load cell was used with 
90th the floating cradle and parallel 
inkage systems. 


The Flexure Linkage 


Another system uses flexure linkage, 
and many variations are possible. Sys- 
ems have been designed with the flexures 
n tension, compression, and shear de- 
Mending upon the particular design re- 
juirements. One of the present systems 
nstalled at the Allison Division (Fig. 3) 
itilizes flexure members in which the 
veight of the platform and engine is sup- 
yorted in tension by the flexures. With 
his arrangement small movement, 0.005 
o 0.010 in., is possible with very little 
esistance. This feature makes the strain 
rage or sealed hydraulic system par- 
icularly adaptable, since each possesses 
he ability to counteract large loads with 
mall displacements. 

A careful system analysis is required 
vhenever flexures are utilized to insure 
hat the added weight of the engine does 
ot impose uncalculated force com- 
yonents on the load device. As an exam- 
le, it is desirable to place a tare load 
mn the cell at the time of initial installa- 
ion, with no engine installed on the 
lexure platform. A practical solution is 
ere presented to show how the added 
ngine weight could impose a com- 
onent in the direction of thrust and the 
pproximate magnitude of this force. 

If that load were applied by deflecting 
he flexure rearward, it can be seen from 
ig. 4 that as the weight which is applied 
> the flexures changes, a new com- 
onent in the direction of thrust is 
resent. This can be explained more 
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fully by the analysis which follows: 

By cutting the beam at the point of 
inflection and considering it as a canti- 
lever beam having the load applied at 
the end, the deflection Y becomes 


FiL,3 


ea Ey 


where 
F = load applied 


I, = length of the beam (in this case, 
one half of the total flexure 
length) 


E = modulus of elasticity 


I = moment of inertia 
from which 
Bien 
i 
1 ie 


Taking moments about Z, essentially M, 
= M2 for small displacements, and the 
component in the directions of thrust due 
to weight is F2. 

rw 


F. = 
2 Bs 


where 
W = weight. 


The total load, therefore is the summa- 
tion of the two forces, or 


go get SP a ee 
where 
F; = applied load for given deflection 
F, = force required to deflect beam 


through Y distance 


fF, = force required to counteract hori- 
zontal component of tension 


/ 
ts 1 
or, SummMarizing, 


3EI WwW 
PF; = Yr ( yee =e aay) 
Therefore as W increases Fs increases. 
For the total flexure length L, F3 would 
produce deflection equal to a. This is a 
constant correction throughout the range 


of the instrument and is accounted for 
during calibration. 


Types of Thrust Meters 


The second major constituent in a 
thrust measuring system is the thrust- 
meter or load cell. Many types of these 
devices are at present commercially avail- 
able. Some of the categories into which 
they fall are: 

(a) The null position force balance 

diaphragm using either pneu- 
1A more complete solution may be deduced from Roark, 


Raymond J., Formulas for Stress and Strain (New York: 
McGraw-Hill Book Co., Inc., second edition, 1943), p. 133. 
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Fig. 4—Analysis of forces on flexure illustrated 
in Fig. 3. 


matics or hydraulics as a loading 
and transmitting medium. 


(b) The closed hydraulic system uti- 
lizing a cylinder and piston ar- 
rangement with hydraulic trans- 
mission. 


(c) A calibrated cell employing the 
strain gage principle and utilizing 
the measurement of resistance 
changes. 


(d) Mechanical knife edge and beam 
balance scales which may require 
direct observation. 


Diaphragm-type Meter 


The pneumatically operated force bal- 
ance diaphragm was the first device 
utilized at Allison and is still being used 
on some installations. At the time the 
first thrust systems were being designed, 
no acceptable commercial units were 
available, and an extensive research pro- 
gram was carried on in the development 
of an air-operated force measuring in- 
strument. 

The unit developed consists essentially 
of a sealed diaphragm (Fig. 5) across 
which a regulated differential pressure is 
maintained. A positioner is installed to 
maintain the diaphragm in the neutral, 
or null, position. This is necessitated 
because the slightest change in diaphragm 
position causes a corresponding change 
in the effective area of the diaphragm. 

An illustration of the change in the 
effective area can be seen in Fig. 6. If 
the diaphragm is considered to be a 
perfectly flexible member which is in- 
capable of transmitting force except by 
tension, it is apparent that forces 
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Fig. 5—First thrust meter developed at Allison was an air-operated instrument utilizing the force- 


balance principle. 


developed on the diaphragm outside of 
the point of contact of a plane which is 
parallel to the main diaphragm and tan- 
gent to both lobes formed by the 
deformation of the diaphragm, must be 
transmitted to the outer case. 

Therefore the effective area of a flexible 
diaphragm used in this type of thrust 
meter can be defined as that area which 
when multiplied by the differential 
pressure across the diaphragm gives the 
load which is counteracted by the 
instrument. If the diaphragm is then 
maintained in the neutral position the 
effective area Ag can be closely cal- 
culated by means of the following 


formula. 
aot De 
4 2 


D, = case bore diameter 


Ag = 


where 


D, = diaphragm retainer outside 
diameter. 
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Small errors are possible because of 
diaphragm material characteristics, but 
an overall accuracy of +0.25 per cent 
can be obtained. 

To illustrate this further, the Allison 
thrust meter has the following specifica- 
tions: (a) outer case bore diameter, 
12.0625 in., and (b) outside diameter of 
diaphragm retainer, 10.6875 in. Solving 
for Ag, 


Ag 


I 


x { 12.0625 + 10.6875 
4 2 


101.624 in. 


As shown in Fig. 7 the actual effective 
area from a dead weight calibration, 
maintaining the diaphragm in the neutral 
position, gives a curve which approaches 
the theoretical curve but does not reach 
it within the range of the instrument. 
The experimental curve is, however, a 
complete system calibration which does 


Fig. 6—A change in diaphragm position 


element's effective area. 


Fig. 7 (right)—Experimental curve of dia) 
effective area provides calibration data. 


possess good repeatability characteri 

The pneumatic-operated sealed 
phragm is very well suited to 
measurement during steady state o 
tions. It is not particularly adaptak 
to thrust measurement during 
acceleration because of the pneuma’ 
lag inherent in the system. This limi 
tion was a contributing factor cai 
the transition from this type ins 
to the strain gage load cell. 


The Strain Gage Load Cell 


A more recently developed thrust 
measuring device being used in new 
installations is the strain gage load cel 
(Fig. 8). It transmits changes in thrusi 
into electrical energy by employing a 
high strength load carrying membez 
into which are cemented wire strain 
gages. These strain gages undergo changes 
in resistance proportional to applied 
strain or thrust. 

The strain gages comprise the four leg: 
of a Wheatstone bridge. Under no-thrust 
static conditions the bridge is balanced. 
With a voltage applied to the input of 
the bridge, the output is zero. When 
thrust is applied to the load element it is 
transmitted through the cement to the 
strain gages changing their resistance 
and unbalancing the bridge. The result- 
ing voltage, which is proportional te 
thrust, is transmitted to an indicator 

The indicating instrument operates or 
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tstone bridge to actuate indicator circuitry. 


ae null balance principle. Any voltage 
utput from the Wheatstone bridge is 
mplified and used to drive a balancing 
jotor in a measuring bridge of the 
strument. The motor is directly con- 
ected to a slidewire contactor and an 
wdicator. The motor senses the voltage 
nbalance of this measuring bridge and 
rives the slide wire contactor to a posi- 
on which balances the input from the 
ad cell. The indicator then is read in 
wins of thrust. The calibrated accuracy 
f this system is +0.1 per cent. 


pplication and Limitations 


Errors due to temperature changes are 
consideration in all thrust measuring 
evices. Strain gages are particularly 
isceptible to these temperature changes 
ad a temperature compensating ele- 
ent is usually incorporated into the 
strument. 
All of the devices and systems dis- 
assed can have definite application in 
fest program. Design requirements 
ictate which of the systems will be most 
Gtable for any particular force measur- 
g problem. Both of the specific types of 
stems which were discussed in this 
port have definite application in jet 
wine thrust measuring. 
The cost of the pneumatic system is 
ually lower and in many applications 
is suitable. The ability to follow 
wine thrust rapidly during accelera- 
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tions is not present with the pneumatic 
system discussed. Rate of response could 
be increased by the introduction into the 
system of a transducer which senses the 
pneumatic signal at the meter and trans- 
mits it electrically to the data recording 
center. 

The strain gage instrument discussed 
has very rapid response to engine thrust 
changes and has been used successfully 
to ascertain the rate of thrust increase 
during accelerations. With the increased 
versatility and speed of response, indica- 
tions are that strain gage or the sealed 
hydraulic system, the two being quite 
similar in their thrust measuring ability, 
show good promise of being readily 
adaptable to increasing requirements of 
thrust measurement in jet engine testing. 


Conclusion 


Considerable study and development 
have gone into solving thrust measure- 
ment problems for jet engine production 
and research. Progress so far has been 
satisfactory in that new developments 
have not lacked for a means of testing 
performance. In this testing field, as 
indeed in all evaluation problems, prog- 
ress must remain well ahead of actual 
developments in jet engines. The lessons 
learned so far have established suitable 
working patterns for the increased 
demands which will be placed on new 
thrust measuring instruments. 
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INSTRUMENT 


ee ae .) 
How the Autronic-Eye Automatic 


Headlamp Control was Designed 


to Meet Driver Requirements 


Man, as a driver, reacts to stimuli of approaching car lights and switches to the lower 
beam, restoring upper beam after the lights have passed. Engineers, always responsive 
to opportunities for making man’s actions simpler and less frequent, studied this 
servomechanism pattern and established performance criteria for an automatic headlamp 
control. Then they designed, tested, and put into production a device which performs 
this heretofore human function even better than man. The result is the Autronic-Eye 
automatic headlamp control, basically an unselfish device in that it makes the driver 
truly a gentleman of the night highways, dimming always on time. It also gives the 
driver upper beam more of the time than he would have the patience to claim as his 


right and adds to motoring safety. 


EADLAMP glare has been a continuing 
H problem ever since electric head- 
lamps have been used on automobiles. A 
beam which illuminates the road far 
ahead for safe driving is too bright for 
the approaching driver. 

The first headlamps had only one 
beam. Control was attained by a resistor 
which was switched in and out of an 
electric circuit to make the beam dim for 
approaching cars. Later, two beams were 
used: an upper beam designed for clear 
road driving and a lower beam designed 
to reduce glare when passing. 

As the years passed, headlamps were 
standardized, accuracy was improved, 
and inspection and service facilities were 
developed with the result that today the 
glare problem is largely a matter of 
proper headlamp usage. 

Open road driving conditions change 
so rapidly, however, that the correct 
choice of beam calls for rather careful 
attention on the part of the driver. All 
drivers are not willing to devote that 
much attention to the job. A few drivers 
do not dim until they are signaled, and 
many drive constantly on their lower 
beams to avoid using the foot switch. 
Both habits are dangerous. Experience 
indicates that it is difficult to get drivers 
to pay more attention to their driving, 
either through education or law en- 
forcement. 

Forty million cars were using the 
highways at the end of 1952, which was 
about 40 per cent more than during the 
first post war year of 1946. Present traffic 
volumes, then, point to the desirability of 
an automatic method to control head- 
lamp glare for the safety and con- 
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venience of American motorists. Auto- 
matic headlamp control by means of the 
Autronic-Eye automatic headlamp con- 
trol was introduced on certain 1952 
models of General Motors cars. 

The design goals for the Autronic-Eye 
control were to utilize a light measuring 
device to achieve complete headlamp 
control under widely varying conditions. 
Some of the conditions which the final 
design had to meet were: 


e@ The device should switch to the lower 
beam promptly when subjected to 
sufficient light, and should switch back 
to the upper beam promptly when 
light is removed. 


e@ The device should retain the lower 
beam when the approaching driver 
dims. 


e The device should dim for cars on 
curves but should not dim excessively 
for extraneous light at the roadside. 


e@ The driver should be able to switch to 
the lower beam for city use and for 
following another car when there is 
insufficient light to retain the lower 
beam automatically. 


e@ The driver should be able to obtain 
the upper beam for signaling and for 
travelling at dusk when there is too 
much light from the sky for the device 
to switch to the upper beam auto- 
matically. 


e The device should not be impaired 
when operated in the daytime. 


For a considerable number of years, 
automotive engineers have been con- 
vinced that automatic headlamp control 
devices offered possibilities for solving 
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the glare problem—if such devices coul 
be made to function properly. The out 
look was far from encouraging, consider 
ing that the brightness of an oncomi 
upper beam was many times that of 
oncoming lower beam. Likewise troubl 
some was the variation in brightne: 
caused by the deterioration in non-seal 
beam lamps. Even so, promise of rea 
improvement in glare was so obvious th 
the idea of automatic headlamp contro 
could not be ignored. 

At the start, the problem was to 
develop something that was ae 
enough to dim for lower beams at a safe 
distance. Satisfactory sensitivity was 
achieved by using a multiplier phototube 
which is capable of about one million 
times the sensitivity of standard vacuum 
phototubes. As sensitivity was increased 
it was found that extreme variations in 
brightness of oncoming headlamps was 
not nearly as serious as anticipated 
because very few roads are straight and 
level for any great distance. Increasing 
sensitivity, however, uncovered other 
problems in the fields of electricity and 
optics which had to be solved in design- 
ing a satisfactory device. 


Design of the Control 


The production design of the Guide 
Autronic-Eye headlamp control did meet 
all of the required specifications. How 
the various requirements were met can 
be understood after a consideration of the 
circuit diagram for the equipment (Fig. 
1). 

Energy is provided by the car electrical 
system through the standard light switch. 
The voltage is applied to the ballast 
tube, to the primary winding of the 
transformer, and then through a vibrator 
to the ground. 

The transformer has two secondary 


GENERAL MOTORS ENGINEERING JOURNAL 


e 


TUBE 


— ————- —_ — 

———s sS= 

—_—_—_-— —_—_- — — 
— 


ae 


RECTIFIER 


EX 
14 r| ee 
TUBE 


HIGH VOLTAGE 
CONTROL 


eons) 
oO Coie ii] 


pain te bey 
LIGHT SWITCH 


7 


f | 
| PHOTOTUBE UNIT | 


AUXILIARY 
FOOT SWITCH 


UE ype reat ati “LOWER BEAM" POSITION 
(S=9 UEP b} poole], i 

io — ||B Le eg ‘AUTOMATIG" POSITION 
] z | | 
a ipa Came co eee So | Ss aes 

POWER RELAY STANDARD FOOT 

DIMMER SWITCH 
windings, one producing approximately ' Fig. 1—Two secondary transformer windings supply a high voltage, rectified for operating the photo- 


1,150 volts a-c and the other approxi- 
mately 150 volts a-c. The higher voltage 
s rectified to produce approximately 
[,000 volts d-c across a load resistor 
network. A high voltage control is 
udjusted to supply the necessary voltage 
or the phototube unit. A_ sensitivity 
-ontrol in the phototube unit adjusts the 
1igh voltage to compensate for variations 
n phototubes. The voltage is applied to 
he various dynodes in the phototube 
hrough a voltage divider network. 

The 150-volt secondary winding of the 
ransformer supplies power for the ampli- 
ier tube and the sensitive relay. In the 
ibsence of light on the phototube, the 
mplifier tube passes enough current 
hrough the sensitive relay to close it. The 
yresence of light causes the phototube to 
ass a current through a load resistance 
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tube, and a low voltage to supply the amplifier tube and sensitive relay. Light on the phototube causes 
the sensitive relay to open, switching a comparatively larger load resistance into the phototube circuit. 
This gives the device about ten times greater sensitivity in the lower beam position than in the upper 


beam position. 


which develops a negative bias voltage 
on the amplifier tube control grid. This 
causes the amplifier tube to reduce the 
current through the sensitive relay. When 
the current is reduced sufficiently, the 
sensitive relay opens. When the sensitive 
relay opens it switches a much larger 
load resistance into the phototube circuit 
and in this way causes the device to be 
about ten times as sensitive in the lower 
beam position as it is in the upper beam 
position. 

When the standard foot dimmer switch 
is in the AUTOMATIC position, the sensitive 
relay opens and closes the power relay 
which switches the headlamps between 


the upper and lower beams. 

When the push-button type auxiliary 
foot switch is depressed it closes the 
sensitive relay through an added section 
in the amplifier tube, and overrides the 
automatic control to provide the upper 
beam even when bright light is on the 
phototube. 

When the standard foot dimmer switch 
is depressed and released as in changing 
from upper to lower beam, the power 
relay is closed directly from the light 
switch and holds the headlamps on the 
lower beam regardless of the position of 
the sensitive relay. 

The optical design of the phototube 
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unit is shown in Fig. 2. A condensing 
lens focuses light through an amber filter 
and through an opening in a mask to a 
multiplier phototube. The condensing 
lens is corrected for spherical aberration 
and focuses the light from approaching 
headlamps to a point in the plane of the 
mask. The vertical and horizontal angles 
through which the device responds to 
light are limited by the size of the open- 
ing in the mask, and the sensitivity cuts 
off abruptly when the point of focused 
light passes the edge of the mask opening. 

An S4 (blue sensitive) cathode surface 
is used in the multiplier phototube be- 
cause red sensitive surfaces are not 
compatible with the materials used in the 
amplifying sections. However, the high 
sensitivity of the multiplier phototube 
permits the use of an amber filter which 
absorbs blue light and moves the effective 
response toward the red end of the 
spectrum. 

Fig. 3 shows a series of color sensitivity 
and emission curves of the S4 cathode 
surface, the amber filter, an incandescent 
bulb, skylight, and the $4 surface through 
the amber filter. 

The curves show that the relative 
emission of skylight is much better than 
from an incandescent bulb near the 
violet end of the spectrum while the 
incandescent bulb is better near the red 
end. The curves also show that the amber 
filter blocks off the light near the violet 
end and thus reduces skylight much more 
than incandescent light. The amber filter 
permits the device to function sooner at 
dusk by reducing the effect of skylight. 


Performance Criteria 


Some of the performance require- 
ments of an automatic headlamp control 
have already been mentioned. The 
Autronic-Eye control met these and 
other criteria by means of the circuit 
described above. The design problem 
was to insure that in the achievement 
of one specification others were not made 
impossible. 


Switching to and Holding Lower Beam 


The basic requirement is that the 
device switch to the lower beam promptly 
when subjected to sufficient light, and 
switch back to the upper beam promptly 
when light is removed. Rapid dimming 
is especially important in situations where 
an approaching car comes suddenly in 
view, as, for example over the crest of a 
hill. The device must not only switch to 
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CONDENSING LENS 


dim, but must hold in this condition 
when the approaching car dims. If an 
approaching car dims at some distance, 
the automatic device must switch to and 
hold the dim position until the oncoming 
car has passed. 

These basic requirements were de- 
signed into the Autronic-Eye control by 
adjusting sensitivity to dim at a certain 
optimum sensitivity and then to hold the 
dim position with about ten times as 
much sensitivity. The multiplier photo- 
tube provides the sensitivity for this 
technique, and, at the same time, permits 
rapid operation in both the dimming and 
upper beam recovery cycles. 


Dimming on Curves 


The device should dim for cars on 
curves but should not dim excessively 
for extraneous light at the roadside. 

The desire for dimming on curves 
conflicts with the desire to restrain the 
device from dimming for extraneous 
light at the roadside. The first desire 
can be satisfied by making the device 
responsive to light at wide angles to the 
sides while the second desire demands 
that the device must not be sensitive to 
side light. 

The Autronic-Eye control represents 
a compromise between these two condi- 
tions, designed to provide the narrowest 
possible sideways response angle con- 


CATHODE OF PHOTOTUBE 


FILTER AND MASK 


Fig. 2—The optical design of the phototube unit 
illustrates how light from approaching headlamps 
is condensed and passed through an amber filter 
which corrects for skylight. The mask openi 
determines the vertical and horizontal angles 
response. 


sistent with proper operation on curves. 


Disregarding Road Reflection 


The device should not be affected by 
variations in the reflectivity of road sur- 
faces, and the device must function with 
normal variations of car loading. 

Headlamps illuminate the road ahead 
and the road brightness reflecting back 
to the driver varies from almost nothing f 
on wet asphalt to a considerable amount} 
on dry gravel or fresh snow. A device 
which is sensitive enough to retain the 
lower beam after the approaching driver 
dims is necessarily sensitive enough to 
be greatly affected from road reflection, 
unless the downward response angle is 
carefully controlled. If too much light 
from the road is permitted to reach the 
phototube, the device will stay on the 
lower beam. At the same time, the sensi- 
tivity response angle must extend enough 
below horizontal so that the device will 
function properly under conditions of 
normal car loading. 

The Autronic-Eye control has a lens 
and mask system which provides a sharp 
lower cut-off. The cut-off is aimed as 
low as possible without incurring inter- 
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ig. 3—How the amber filter reduces the effect 
of skylight is shown by the sensitivity and emis- 
ion curves of an S4 cathode surface, an incandes- 
sent bulb, an amber filter, skylight, and an S4 
surface through an amber filter. The blue, S4 
athode surface is used in this device because red 
sensitive surfaces are not compatible with 
materials used in the amplifying sections. 


‘erence from road reflection. This aim is 
ow enough to stand the upward tilting 
caused by normal car loading without 
undue loss in sensitivity. The location of 
the phototube unit on the car instrument 
panel is shown in Fig. 4. 
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Disregardi ng Weather 


: The device should function under con- 
ditions of adverse weather such as rain, 
snow, and fog. 

The light from approaching cars is 
somewhat diffused by rain on the wind- 
shield but fortunately the device is not 
affected appreciably in sensitivity. Ac- 
tually, there seems to be an increase in 
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light from the approaching car, probably 
due to reflections from wet pavement 
adding to the normal direct light coming 
from the lamps and this may balance out 
any loss from light diffusion. In bad 
weather drivers may devote full attention 
to driving, without having to pay atten- 
tion to their headlights. Very little sen- 
sitivity is lost in moderate snow and fog. 
If the snow or fog is severe, the back 
reflection of the vehicle headlamps from 
the snow or fog particles is sufficient to 
retain the vehicle headlamps on the 
lower beam. 


City Driving and Following 


The driver should be provided with a 
means of obtaining a lower beam for use 
in the city and when following another 
car, when there is insufficient light to 
retain the lower beam automatically. 

The amber filter, mentioned above, 
corrects, as much as possible, the rela- 


tively poor red sensitivity of the multi- 
plier phototube. With this combination, 
the device retains the lower beam 
satisfactorily when following a modern 
car with relatively bright tail lights, but 
it does not retain the lower beam at a 
sufficient distance for many older tail 
lights, and it does not dim for any of 
them. The Autronic-Eye control is con- 
nected to the standard foot dimmer 
switch so that it functions automatically 
in one position only. The other position 
of the foot dimmer switch provides a 
fixed lower beam. When necessary, the 
driver may use the foot dimmer switch to 
lock the device on the lower beam. One 
of the times when a continuous lower 
beam is desirable is when following 
another vehicle. 


Using the Upper Beam 


The driver should be provided with a 
means of obtaining an upper beam for 
signaling and at dusk, when there is too 
much sky light for the device to switch 
to the upper beam automatically. 

After the automatic headlamp control 
has dimmed, very little light is required 
to retain the lower beam. There are 
occasions, particularly at dusk when 
sky light is still effective, when there is 
sufficient light to retain the lower beam 
but not enough to cause the device to 
dim. On such occasions, the driver may 
prefer the upper beam. This automatic 
headlamp control includes a push-button 
auxiliary foot switch to over-ride the 
automatic control and provide the upper 
beam regardless of light conditions. This 
switch resets the sensitive relay to the 
upper beam position, and when the foot 
switch is released the device remains on 
the upper beam unless there is sufficient 
light ahead for dimming. Also, the over- 
riding switch may be used to signal 
approaching drivers if they forget to dim. 


Warming-Up Action 


The device should provide the lower 
beam during warm-up. 

Most electronic devices require a mod- 
erate warm-up time during which period 
they do not provide automatic control. 
Because vehicles usually are operated in 
areas of opposing traffic during the 
warm-up period, it is desirable to have a 
fixed lower beam until the automatic 
control is functioning. This period of no 
control, therefore, must be considered 
in designing an automatic control. The 
Autronic-Eye control requires ten to 15 
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Table I—Voltage regulation for the multiplier 
phototube is provided by a current regulator 
(ballast tube) in the primary of the transformer. 
The sensitivity of the device is only slightly 
affected by the normal changes in car battery 
voltage, as shown in this table. 


seconds warm-up time for the rectifier 
and amplifier tubes. The rectifier tube 
controls the high voltage to the photo- 
tube, and the amplifier tube provides the 
current to the sensitive relay. The sen- 
sitive relay is in the lower beam position 
when the amplifier tube current is off. 
The rectifier tube is adjusted to warm up 
ahead of the amplifier tube so that the 
phototube is in control before the ampli- 
fier tube can operate the sensitive relay 
to the upper beam position. 


Operating in Daylight 


The device should not be impaired 
when operated in the daytime. 

Most phototubes and particularly mul- 
tiplier phototubes must be protected from 
damage from bright light. A multiplier 
phototube can easily destroy itself if it is 
permitted to pass too much current. 
Occasionally, a driver will operate his 
automatic headlamp control during the 
daytime. There are places, for example 
through the tunnels on the Pennsylvania 
Turnpike, where a driver is requested to 
turn on his headlamps in the daytime. It 
is common to see cars travel a consider- 
able distance beyond the tunnel before 
their lights are turned off. Since the 
device is connected to be turned on with 
the headlamps, the phototube is function- 
ing during this period. 

The dynodes of the multiplier photo- 
tube are connected through individual 
protective resistors so that the current 
through each dynode is limited to a very 
safe value. These protective resistors do 
not affect the multiplier phototube 
function at night because the current 
values are too small to cause detrimental 
voltage changes to the dynodes. 
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Varying Battery Voltage 


The device should be relatively insen- 
sitive to changes in battery voltage. 

Car batteries vary about 30 per cent in 
voltage. Multiplier phototubes are very 
sensitive to voltage changes; in fact, a 
ten per cent increase in voltage doubles 
the output. In order to obtain satisfactory 
performance on a car, the Autronic-Eye 
control is designed with voltage regula- 
tion. Regulation is obtained by using a 
current regulator (ballast tube) in the 
primary of the transformer. Table I 
shows how variations in battery voltage 
affect sensitivity. The dimming distance 
varies from about minus seven per cent 
to plus two per cent. 


Conserving the Generator 


The device should use a minimum of 
current to avoid exceeding the generator 
capacity. 

Car generators are designed to keep 
the batteries charged under given load 
conditions and, ordinarily, they do not 
accommodate very much extra load. 
For this reason, the device is designed to 
use a minimum of current. The 6-volt 
models use 2.1 amperes in the upper 
beam position and 2.5 amperes in the 
lower beam position. The 12-volt models 
use 1.2 and 1.4 amperes in the upper and 
lower beam positions, respectively. 


Withstanding Motoring Hardships 


The device should withstand the 
abuses of automotive service, which 
include heat, cold, vibration, moisture, 
and dust. 

Extensive field testing and tests on the 
Belgian Block road at the General 
Motors Proving Ground near Milford, 
Michigan, indicated that special pre- 
cautions were required to make the auto- 
matic headlamp control rugged enough 
for automotive service. Accordingly, the 
chassis was reinforced and condensers 
were anchored to avoid wire breakage. 
Special lead construction was used in the 
vibrators to avoid internal wire breakage. 
High temperature condensers were used 
because of high engine heat on hot days. 
The amplifier was enclosed to protect it 
from moisture and dust. Special alloy 
points with wiping contacts were used on 
the sensitive relay to avoid tarnish. 
Special alloy points were used on the 
power relay to handle the headlamp 
load. Special materials were used in the 
phototube base to avoid electrical leak- 
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age due to moisture. Fig. 5 shows t 
general location in the car of the prin 
cipal units of the Autronic-Eye controp 
Experiences with the Autronic-E 
device indicate that extensive field testi 
on cars is required to locate and corre 
weaknesses in equipment of this natu 
Such testing is common in the automc} 
tive field. 
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Servicing Ease 


Service facilities should be availab 
to adjust the device in the field. 

An automatic headlamp control 
basically a light measuring device. 
dims with a particular amount of ligh 
and switches back to the upper bear 
with a much smaller amount of light 
The value of light at each operating 
point, therefore, is important and mug! 
be obtainable in the field for servicy 
adjustments. Secondly, the photons 
unit must be aimed straight ahead an 
must be adjusted in the vertical pla 
because of the significance of the lowey 
edge of the response angle. 

Two pieces of test equipment we! 
developed for servicing this automat 
headlamp control: a test lamp for sen: 
tivity adjustments and an aiming device 
for aiming the phototube unit. The tes 
lamp projects light against the phototubt 
cathode in about the same manner 
headlamps under operating conditio 
The brightness of the test lamp 
adjusted to specific values by means of | 
meter. One brightness is used to adjus 
DIM sensitivity and a different brightnes} 
is used in making HOLD sensitivity adi 
justments. (The latter determines th 
point where the device switches back t# 
the upper beam.) 

The aiming device is a mechanicad 
fixture which aims by means of a level 
when located on top of the phototub) 


— 


een 


Fig. 4—Phototube unit mounted inside the 
on the instrument panel to left of the driver’ 
position. 
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Phototube Unit 
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Headlight Switch 


unit. The fixture contains an aiming dial 
which is adjusted to a code number 
stamped on a name plate underneath the 
phototube unit. The code number per- 
mits adjustmentof the level to compensate 
for variations between the top surface of 
the phototube unit and the lower edge 
of the response angle. The code number 
is stamped at the factory. The bottom 
edge of the response angle is determined 
in an optical fixture by means of test 
lights after which a master level is placed 
on the phototube unit to find the code 
number. In this manner, an optical aim 
of the response angle is converted at the 
factory into a mechanical aim, and then 
the mechanical aim is used for field 


service. 

Due to the high sensitivities required 
in automatic headlamp control devices, 
satisfactory operation is largely a matter 
of proper adjustment. The importance 
of adequate field service facilities, there- 
fore, cannot be over-emphasized. 
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Fig. 5—Amplifier unit and power relay are 
located under the car hood, as shown in this 
sketch of the principal units of the Autronic-Eye 
control, 


Summary 


Experience during the first year of 
production demonstrates that, in com- 
plying with all of the above require- 
ments, the Autronic-Eye automatic head- 
lamp control offers real possibilities for 
improving the glare problem. 

Public acceptance has been unusually 
good, particularly since an owner’s first 
thought is that he is spending money for 
a device which only benefits the other 
fellow. He quickly learns, however, that 
the device does even more for him than 
for the approaching driver. He finds that 
the device gives him an upper beam 
more often than ever before in spite of 
the fact that it always dims for approach- 
ing Cars. 

By relieving the driver of the burden 
of operating his headlamps, the Autronic- 
Eye control makes night driving more 
pleasant and safe. 
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Putting a New Car into Production 


When Eli Whitney invented mass production his basic principle was interchangeability 
of standard parts. Today’s application goes much farther to achieve a good product 
at minimum cost. It requires the skillful combination of methods, men, machines, and 
materials. The first shiny new model, as it drives off the assembly line, contains thousands 
of parts and represents the work of scores of plants and departments. Yet at that same 
moment, production men already are preparing to make next year’s model. 


N ANY new model planning, the first 
I consideration is the announcement date 
for the new car. Practically every factory 
operation is contingent upon the day the 
new model makes its appearance. Using 
the announcement date as a sort of 
“D Day,” a schedule is set, backing off 
the number of weeks and days required 
to build a sufficient number of cars to 
supply dealers with a representative dis- 
play of new models for introduction to 
the public. That establishes a date for 
start of production. This date is used in 
turn to back off the number of months, 
weeks, and days required for die tryout, 
for tooling tryout, and for pilot assembly 
operations. All of these operations are 
necessary for assurance that all parts will 
assemble in proper sequence with a 
minimum of effort and time. This date— 
the start of production—is the point at 
which tooling and plant rearrangement 
must be completed. Every operation 
preceding this date is pin pointed upon it. 

A year’s work goes into the preparation 
for new model production. As many as 
15,000 parts are required to assemble 
each car. At Buick, there are 99 factories 
and separate organizations which team 
up to turn out new cars. Planning, tool- 
ing, and putting a new model into pro- 
duction is, then, a complex, compli- 
cated job. 

If the new model requires the employ- 
ment of additional people, such im- 
portant functions as personnel, employ- 
ment, medical, and cafeteria facilities 
will be involved. Salvage and waste 
disposal will be affected under certain 
conditions and an unanticipated increase 
in schedule will affect plant trucks, tubs, 
containers, garages, power equipment, 
and such facilities as air compressors, 
layout, and physical aspects of many 
factories. Safety, Fire Protection, Plant 
Protection—all these Departments have 
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a definite function in almost any new 
model program. 

After management has approved the 
final design, Engineering hands over to 
Manufacturing several acres of blue- 
prints representing two, three, or more 
years of work up to this point. The 
announcement date has been set by the 
Sales Department. Several thousand new 
models must be in the hands of dealers 
on that date to show the public. What’s 
more, the production rate will have to hit 
a maximum as quickly as possible after 
the announcement date to give dealers a 
stock of cars to meet the rush of orders 
that follows announcement. By that time, 
production test models will have been 
running, tool and machine tryouts will 
have been made, and countless hundreds 
of other major changes will have occurred. 

What are the steps in the production 
of a new model? The first step takes place 
during the engineering design of the new 
model—before it ever reaches the pro- 
duction stage. Close coordination with 
Engineering is the first job of Production 
so that the final design is one which can 
be manufactured efficiently at a mini- 
mum reasonable cost. 

The production activity begins when 
engineering drawings and parts lists are 
sent to Standards, to Cost, and to the 
Master Mechanic. In addition to these, 
the principal functions are Purchasing, 
Metallurgy, Process, Production Con- 
trol, Accounting, Traffic, and Assembly. 

Noting the variety of these functions, 
it will be interesting to observe later in 
the story an important conclusion affect- 
ing new model production. 


Make or Buy— The Key Words 


Engineering, preparatory to releasing 
for production the various parts of the 
new model, submits comparative parts 
lists to Cost and drawings of proposed 
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Engineers, many others, 


team up for complex 


manufacturing job 


parts to Standards, which together com-} 
pile cost data such as those involving} 
time, materia], tools, and equipment. If} 
a part is not new there is a re-examina- 
tion of whether it will continue to be 
purchased or made at Buick, whichever } 
was the case with the current part. If 
the part is new, and there are a great : 
many of these in every new model,} 
Standards confers with the Master Me-| 
chanic, with Manufacturing, and with} 
management to decide whether it should } 
be purchased or made. 

Those words—make or buy—are heard 
almost daily in new model preparation 
and they are extremely important. The 
decision on each is a vital key to the 
eventual success of the new model. 

If the decision is to purchase, Stand- 
ards forwards drawings to Purchasing for 
development of quotations. If the part is 
to be made at Buick, Metallurgical 
develops necessary data for raw material 
requirements after which Standards pre- 
pares time and labor information. All 
this information then is given to Cost for 
development of figures comparing pro- 
posed costs with the current costs. This 
indicates the effect of the proposed 
change on factory cost and aids engi- 
neering and management decisions on 
the advisability of the proposed change. 
Worked into the comparison also are 
items such as fixed assets, deferred tools, 
and rearrangement expense. 

The Master Mechanic submits an 
estimate of expenditures for capital equip- 
ment, tools, and expense which is added 
to the above material and labor costs to 
complete the comparative cost presenta- 
tion for the new model. 

Cost estimates are given the closest 
possible scrutiny, and they frequently are 
calculated to the fourth and fifth decimal 
place. The difference of just two cents 
per car doesn’t sound like very much— 
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ut at current production rates, two 
ents a car may mean $10,000 for the 
aodel run. So every precaution is taken 
2 preparatory cost estimates to make 
ertain that the finished model is not 
riced out of the competitive market, or, 
n the other hand, that it is not one upon 
yhich there cannot be a reasonable 
sturn on investment. Hence the cost 
ecision has a great bearing upon all 
roposed changes. 

Once the change is approved, how- 
ver, the wheels begin to roll. An engi- 
eering release for each part required to 
ake up the new model and a produc- 
on parts list are forwarded by Engineer- 
ig to Standards. The Cost Department 
ses the same parts list to set up pricing 
yeets on which material costs and labor 
sts are recorded and summarized. 
tandards compiles a routing and dis- 
ibutes copies to all Departments con- 
srned. The Master Mechanic issues 
ppropriation requests for new 
achinery, tools, and rearrangements. 
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Fig. 1—Releases, routing sheets, drawings, parts 
lists, are typical of the forms providing informa- 
tion for the orderly control of the vast detail 
required in production tooling for a new car model. 


Purchasing, Standards, Process, Metal- 
lurgical—every Department concerned— 
all then begin an integrated but closely 
interwoven effort pointing toward the 
new model (Fig. 1). 


How Departments Function 


Taking a closer look at these Depart- 
ments, assume that a cost estimate is 
necessary. The project starts in the 
Standards Department where it is as- 
signed an engineer’s estimate number in 
order to have a permanent record of all 
potential expenditures for facilities, tools, 
labor, materials, burden, etc. Working 
from blueprints and with the Master 
Mechanic, a decision is reached whether 
the part is to be made or bought. If it 
is to be bought, all data are forwarded 
to Purchasing. After obtaining bids from 
various sources, these data are passed 


back to the Cost Department. If the 
part is to be made, it is determined 
whether it will be forged, cast, made from 
sheet stock, bar stock or other material. 
The Master Mechanic designates which 
Buick factory or factories will be involved 
and the estimate tickets and prints are 
given to all concerned. After the Master 
Mechanic processes the part and deter- 
mines what is going to be required, the 
information is returned to Standards for 
the labor estimate. The Metallurgical 
Department surveys the print and sup- 
plies Standards with data on material 
requirements. Since all material used in 
a fabricated part is purchased, specifica- 
tions are sent to Purchasing for bids. This 
information is passed on to Cost. 

When all information is assembled, the 
data are submitted to an estimator in 
Standards, and if more than one factory 
is involved each individual factory esti- 
mator evaluates the time element. After 
each operation on the part has been 
estimated and a time value allocated, 
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the data are gathered in the Central 
Standards Office and are submitted to 
Cost where money values are applied to 
time elements and are computed on a 
form which shows material costs, labor, 
facilities, equipment, burden, and tools, 

The procedure is only slightly different 
when a part is released for actual pro- 
duction. The estimate detail is eliminated 
and the releases go, with blueprints, to 
all Factories and Departments concerned. 

The Master Mechanic begins work on 
a new model upon receipt of a release 
from Engineering. After the important 
“make or buy” decision, and after release 
by Standards, product engineering prints 
and production parts lists are received 
by the Master Mechanic. The Depart- 
ment’s Process Division determines 
whether new machinery is‘involved and, 
if so, machine tool vendors are contacted 
regarding capacity, deliveries, and price. 
Quotations are requested on standard 
machines and development work begins 
on whatever special purpose machines 
may be required. Studies are started to 
determine approximate tooling and 
equipment costs to develop an appropria- 
tion request, and orders are placed for 
equipment and tooling upon approval of 
the appropriation. Machine order speci- 
fication forms are developed by Process 
and go to Plant Layout, to Works Engi- 
neering for approval of electrical operat- 
ing requirements and for obtaining in- 
stallation costs, and also to the Master 
Mechanic’s Order Department for a 
general works order and a_ purchase 
order. Machine follow-up men are noti- 
fied and do whatever may be necessary 
to assure delivery on schedule. 

When available, of course, Buick’s own 
machines are put onto new jobs. And 
simultaneously with placing of orders 
and moving machinery, work is going 
forward on tool routings and tool orders 
for new and additional jigs, fixtures, 
gauges, and cutting equipment are being 
placed by the Master Mechanic’s Division. 

Tool routings, issued by the Master 
Mechanic, serve as a source of informa- 
tion to assist each Factory and Depart- 
ment to perform its function as required. 
Typical information contained on this 
form includes: product part name, num- 
ber, model year, series, pieces per job, 
Factory and Department number in which 
the part is to be produced, operation 
sequence numbers, machine description 
and property number, description of 
operations, listing of all tools, jigs, fix- 
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tures, and gauges, together with their 
tool numbers. 

Another Department that has a key 
role in the bringing out of a new model 
is Production Control. Production Con- 
trol has a coordination job. This Depart- 
ment has the responsibility of tying 
together the operations of the Purchasing 
and Manufacturing Departments to the 
end that the cars required by the Sales 
Department are available on schedule 
and are built to the specifications devel- 
oped by Engineering. 


Old and New Models Coordinated 


Production Control starts work on a 
new model as soon as the target date for 
the first cars off the line has been set. 
Generally speaking its responsibilities 
fall into two categories: (a) balancing out 
production of the outgoing model, and 
(b) planning production requirements of 
the new product. 

As soon as the target date is set and 
standard and index volume figures are 
developed, Production Control begins 
work with Sales to determine the proba- 
ble requirements of various models, of 
options, accessories, etc. This informa- 
tion is relayed to various factories in 
Buick and to outside suppliers to guide 
them in preparation for new production. 

Production Control’s next step is to 
establish three important points: first, 
the lead time necessary for shipment of 
parts and sub-assemblies to assembly 
plants; second, time to be required for 
conversion of dies and tools; and third, 
time for annual physical inventories. 

Next, Production Control cooperates 
with the Service and Manufacturing 
Departments to decide upon service re- 
quirements on the outgoing model. This 
is necessary to assure a future supply of 
service parts. Then orders and delivery 
schedules are prepared for Purchasing. 
These cover raw materials as well as 
purchased parts for completion of the 
current year’s run. 

Concurrently with winding up business 
on the outgoing model, Production Con- 
trol studies these questions on the new 
model: 


e If parts are purchased, will they be 
finished or will they require addi- 
tional work at Buick? 


e At what point in the manufacturing 
cycle will they be required, that is, on 
the final line, or on the engine, axle, 


transmission or some other assemb) 
line? 


e What lead time will be required 4 
shipment from source to assemb 
point, what time for inspection, sul 
assembly? 

e Will specially engineered container 

be required for protection; if so, hoy 

many and who will make them? 


manufactured at Buick. 

Approximately six months before pre 
duction of the new model is scheduled | 
start, Production Control forecasts ani 
prepared estimating the quantities a 
various models that will be built. Thes# 
are issued periodically as require 
ments change. From these forecasts, an¢ 
using lead and float data referred 
earlier, purchase orders and shipping 
schedules are prepared for vendors 
purchased parts, and manufacturin 
schedules are set up for parts to 
fabricated. 

Production Control maintains a clos€ 
follow-up on all these operations and, i@ 
event of emergencies such as strikes ¢ 
difficulties at supplier plants, the Det 
partment is expected to coordinate aen 
tivities of all manufacturing units 
maintain the highest possible efficientay 

The Metallurgical Department, men} 
tioned previously, plays an early, impor 
tant role. On parts to be made at Buick 
Metallurgical consults with the Proces¢ 
Engineer if heat treating or welding is in 
volved. This is to make sure that equip» 
ment and materials capable of meeting 


specifications are available. In processing 
a part, Metallurgical establishes bar 
lengths, sheet or strip widths, surfaced 
finish requirements, unit weight, andJ 
of course, metallurgical requirements. 

For parts furnished by outside sources, 
Metallurgical gives sample parts a most 
thorough examination. Written disposi 
tion is made to the Inspection Depart-+ 
ment which correlates the metallurgica 
check with the dimensional check and 
passes the final disposition along to the 
Purchasing Department. Particular at-} 
tention is given to parts coming from a 
new supplier. 

Metallurgical also plays a key role in 
experimental work, especially where heat 
treating and welding are involved. One 
metallurgist is assigned to Engineering 


u 
| 
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Fig. 2—Railroad cars carry Buick engine assem- 
lies in specially designed skids which protect the 
pngine and allow stacking for compact loading. 

hese skids are furnished by the railroads. 


and his job is to see that incoming mate- 
rials satisfy chemical analysis. 


\Parts Converge from Vendors 


One of the unsung heroes in new model 

work is the Purchasing Department. The 
place of a good purchasing staff in the 
overall picture is often overlooked by 
people outside of large manufacturing 
companies. 
_ Initially, Purchasing maintains con- 
stant contact with Engineering, relaying 
to Engineering new or possibly feasible 
ideas received from the many salesmen 
and vendors who call. 

After blueprints are obtained for parts 
and specifications for material, buyers in 
the Purchasing Department begin the 
job of contacting sources. Buyers, of 
course, are specialists in their fields, and 
after they have obtained prices and quo- 
tations it is their duty to recommend the 
best source. Best, it is important to note, 
doesn’t necessarily mean the lowest quo- 
tation. In making his recommendation 
the buyer considers the price, the quality 
which the source can furnish, the source’s 
known ability to produce and deliver, 
and its financial responsibility. Fre- 
quently the lowest bidder is eliminated 
because he cannot meet one or more of 
these requirements. The Director of 
Purchases makes the final decision on 
what sources shall be selected. But the 
responsibility of purchasing-does not end 
there. Monthly releases of requirements 
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are forwarded to suppliers by Purchasing 
giving a schedule of when parts or mate- 
rial must be shipped. Follow-up men 
supplement the monthly releases by con- 
tact with sources to make sure that 
schedules are met. 

Here is an example of the scope of the 
Purchasing Department at a plant like 
Buick. It maintains contact with some 
350 producers of production parts and 
buys some 2,200 different items from 
them. In addition, of course, there are 
fabricating materials such as steel, alumi- 
num, pig iron, and many others. And, 
further in addition to these production 
items, Purchasing buys various non- 
productive items from a total of about 
7,500 suppliers. 

The Traffic Department, under the 
Purchasing Department, works in coop- 
eration with follow-up men, tracing 
material in transit and performing other 
specific jobs relating to the handling of 
parts during loading and hauling. At 
least six months before the model is 
introduced, Traffic receives from Engi- 
neering a contour drawing of the new 
car, as well as other units such as the 
engine and the rear axle assembly. These 
are checked carefully for whatever modi- 
fications must be made in the large fleet 
of rail and highway transportation equip- 
ment which carries automobiles and sub- 
assemblies. Railroads have specially de- 
signed cars, as shown in Fig. 2, for trans- 
porting equipment like engines, trans- 
missions, and axles. Any contour changes 
in these assemblies must be noted months 
in advance so that the cars may be 


diverted to home shops and modified. 
As soon as pilot model assemblies are 
available, tryouts are made to assure safe 
production loading and transportation. 
Traffic also is responsible for intra-plant 
transportation, which of course is affected 
in event of a change in manufacturing 
locations within the plant itself. 

That all important factor about a new 
model—cost—is the major responsibility 
of the Accounting Department. The com- 
plicated job of figuring a reasonable price 
for the car is only started when material 
and labor costs are received, as de- 
scribed earlier. Into the price must go 
such indirect costs as supervision, mate- 
rial handling, inspection, heat, power 
and light, employe benefits, losses, errors, 
defects, fixed charges, and many others. 
Each of these must be factored into cost 
on the basis of its relation to direct labor, 
and development of these percentage 
rates requires exhaustive study through 
each Factory and Department. When all 
costs are in, Accounting constructs a 
price study on the basis of the new 
model’s volume forecast. A list price is 
established and suggested delivered price 
is determined for the new model. In a 
highly competitive industry such as that 
in which Buick is engaged, any price 
established must, of course, meet the test 
of the market place. 


Fabrication Problems Solved 


Eight Departmental activities, all con- 
cerned with preparation for production, 
have been described so far. They, like all 
of the others, are pointed toward final 
assembly—to many people, the popu- 
larized, “glamour” phase of the manu- 
facturing business. 

To meet the requirements of good 
assembly practice, production engineers 
take an early look at the new model 
program, as in the engine plant, for 
example. The first thing the engine plant 
does is to check blueprints of new parts 
with the current prints, looking for alter- 
ations in machining dimensions, in con- 
tours, and in projections. This is espe- 
cially important since so much machin- 
ing work is required on an engine and, 
in the case of a change affecting one of 
the huge transfer machines used in the 
engine plant, major changes in the ma- 
chining operations may be necessary 
(Fig. 3). From the prints it is determined 
also whether new or altered locating 
spots will be necessary, whether changes 
in clamping lugs must be made, and 
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Fig. 3—Eighty-eight holes in the engine block 
are drilled, reamed, and tapped by a 94-ft-long 
transfer machine containing 18 working stations. 
This view of a portion of the machine shows some 
of the tools and fixtures which would require 
changes as a result of design changes in the 
block for a new model. The engine block is 
positioned on a conveyor at the start of this 
machine and then is carried automatically through 
all of the operations without being touched by an 
operator. Signal lights on a control board call 
attention to any trouble spots during the oper- 
ating cycle. 


whether improvements may be made in 
machine location and in handling. 

When a tentative plan and layout for 
the new job is completed, machinery 
manufacturers are called in for a dis- 
cussion of the problems to be solved. 
Better performance, minimum down 
time, easier maintenance—all these are 
considerations. If large multiple heads 
and fixtures on transfer type machines 
are involved, decisions are reached on 
whether entire new heads should be 
obtained or whether the present heads 
should be shipped to the manufacturer 
for reworking, depending on time avail- 
able for the change. Fig. 4 shows 
another type of machine used which 
might entail complex changes. If major 
relocations are necessary, planning is 
started on power, lights, water, machine 
foundations, and similar new require- 
ments. This calls for cooperation between 
process men, layout men, Works Engi- 
neering, and plant foremen. 

Any engine change usually affects the 
engine assembly line; therefore, all fix- 
tures must be checked, as well as all 
carrying hooks, block test stands, and 
balancing machines. More than one mile 
of engine assembly conveyor lines alone 
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must be checked to see that no inter- 
ferences are created by the new part. 

Several thousand shipping skids are 
used by Buick to convey engines to 
assembly plants in other parts of the 
country. Changes in the engine possibly 
may call for alterations in each skid, as 
illustrated in Fig 5. Quite frequently 
engine changes call for completely new 
assembly methods. These must be worked 
out so that the line will operate effi- 
ciently and smoothly. 

The Pattern Shop and Foundry have 
their problems, too. First, the Pattern 
Shop receives an experimental drawing 
from Engineering and from this it is 
decided how the part will be cast. Wood 
experimental patterns and core boxes are 
made and tryout castings are poured. 
The castings are machined and, if ap- 
proved by Engineering, a drawing for 
production is issued. 

The next step is to break down the job 
and make separate drawings for patterns, 
core boxes, and fixtures. Patterns are 
designed to fit the molding machines, 
and drawings are made for various fix- 
tures such as core setting, core loading, 
grinding, and checking. Wood master 
patterns then are made for all parts, 
and metal pattern and core box castings 
are made from them. Test castings are 
made, machined, and sent to Inspection 
for approval before a final okay is given 
to use the new patterns in production. 
Frequently, conveyors have to be re- 
routed; shakeout flasks, core driers, and 
water test fixtures redesigned; new con- 
veyor hooks and often new shot blasting 
equipment are required before a useable 


Fig. 4—This 14-station, center column drilliz 
machine at the new Buick engine plant has 
tools. It drills, chamfers, and taps ten holes in tl 
oil pump cover and it mills both rough and finis 
cuts on the cover face. Such a machine 
require as much as two years for design ani 
construction which is accomplished by close 
cooperation between the machine manufacturaye 


and Buick. 


casting can be produced. ii 
The Sheet Metal Plant, where stamp 
ing work is done, has major problema 
when large die changes are required bi 
a new model. Among these may be bi 
necessity of relocating huge presses} 
which is an expensive operation in eat 
case. ) 
The supervisors in the Sheet Metay 
Plant work very closely with the Mastet 
Mechanic’s Division in the developmen 
of new dies. Plaster casts are made of th 
wood models and then set up in variou 
positions to insure the best possible drav 
provisions, and to use the smallest size 
blank that is feasible. After this i 
established, the draw dies and all lina 
dies are ready to be made. Close follow-ug 
is required throughout the die construcy 
tion period to settle any problems tha 
arise and to insure maintenance o 
delivery schedule. | 
Die tryout is an extremely important 
time, for frequently dies just don’t func+ 
tion in a production run like they da 
when only a few experimental jobs are 
made. The Sheet Metal Plant also ig 
concerned with maintenance of dies for 
service stampings and with dispositiont 
of dies and equipment upon completion! 
of service requirements. | 
The Forge Shop, too, has an important 
tryout period. Experimental forgings for 


GENERAL MOTORS ENGINEERING JOURNAL 


ew part are made and then machined 

put into assembly. Quite frequently 
rances or balance will dictate changes 
there may be several such changes 
re an experimental part is approved. 
tryout run also is held on produc- 
dies, which are made by the Forge 
p- More die changes probably will 
indicated, for forging in large quan- 
s often brings out conditions which 
not be uncovered in making samples. 
re material may be needed on the 
t for carburizing, or additional mate- 
for clamping while the part is being 
chined. It’s a long process, indeed, 
the first forgings to those that 
lly go into the new model. 


“Run Sheet’? Guides Final Assembly 


he final assembly line, which has to 
ork right up until the end on the current 
del, might be thought of as being one 
the last to become involved in a new 
del. Actually, it is one of the very 
st. The final assembly people begin 
rking with the engineering staff even 
ore final decisions are reached on the 
w model and before production re- 
ses are given. 

ere are some of the major questions 
final assembly plant must solve: 


In what order will parts be put 
together? 


What sub-assemblies can be made? 


Will a purchased part be painted 
later or will it be bought painted? 


Will Buick assemble certain parts or 
assign them for assembly to Fisher 
- Body, which provides Buick’s bodies? 


Are present facilities adequate for the 
new model? 


Is wrench clearance adequate for the 
new part? 


These and many similar problems must 
> worked out by Assembly in coopera- 
mn with Engineering and the Master 
lechanic. From the answers come deci- 
ns On conveyor changes, fixture and 
uge alterations, what pits must be 
yened or closed, what wrenches and 
ols must be moved or replaced, and 
hat physical changes must be made in 
e assembly building itself. 

When sufficient parts have arrived to 
t up one new model, Assembly runs the 
r through under simulated assembly 
1e conditions to check sheet metal and 
s. Frequently portions of the car are 
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disassembled, then reassembled several 
times to test various operations and 
equipment. 

As a matter of General Motors policy 
there is a bare minimum of time between 
the last car off the line and the first new 
model production job. The pressure is 
on the assembly plant at this point. 
Obviously many alterations cannot be 
made until the last old model is produced. 
Then, in a matter of only a few days, 
everything must be rushed to completion 
ready for production of the new job. 
Old equipment is ripped out and new 
tools are rushed in. Almost overnight 
the whole line undergoes the transfor- 
mation necessary for production of the 
new model. Old materials have to go 
out, bins must be filled with new stock, 
men on the line have to be assigned new 
posts—every detail needs attention. It is 
a major manufacturing achievement. 

The new model finally is ready for 
production. The materials from the fab- 
ricating plants and vendors begin to 
converge on the final assembly plant 
where they will emerge into cars ready 
for shipment to the dealers. 

A run sheet is made out listing the order 
in which the models are to be built. This 
run sheet is distributed to some 90 points 
in various parts of the Factory to show 
the order in which the materials are to 
be placed on the assembly line. 

For instance, one run sheet goes to the 
engine plant where the engines and 
transmissions are placed on the line. This 
is to make certain that an engine for the 
Roadmaster Series gets on a Roadmaster 
chassis. 

Another is sent to the starting point 
for the chassis line, and another to the 
head of the body line. 

The frame, the engine, the body and 
front-end assembly, which includes the 
fenders, all start at different points. Yet 
they converge on the final assembly line 
at the right time—otherwise the result 
might be a green Roadmaster equipped 
with a Special engine, with yellow front 
fenders. 

The chassis, which includes the engine, 
frame, wheels, brakes, steering gear, etc., 
meets the body at the body drop. The 
work of installing the wiring and instru- 
ments in the body has been completed 
before the body drop operation. 

Following the body drop, the front 
fenders and hood are attached to the car 
and it progresses to the end of the 
assembly line where it is capable of 


Fig. 5—Shipping skids hold two Buick engine 
assemblies. New model changes affecting the 
engine may require alterations to several thou- 
sand of these skids. 


running under its own power. After 
final inspection and any necessary ad- 
justments are performed, the car is 
ready for shipment. 


Summary 


Mass production, it has been said, is 
attained through standardization and 
interchangeability. That principle is rec- 
ognized but is far too general to ade- 
quately define mass production as it is 
thought of in relation to preparation for 
a new automobile model. To that basic 
definition of mass production must be 
added these requirements: (a) accurate 
machining methods, (b) the orderly 
progression of product through the fac- 
tory in a series of planned operations, 
(c) arrangement of the operations so 
that the right part arrives in the right 
place at the right time, (d) mechanical 
delivery of the parts to their proper 
places, and (e) a breakdown of each 
operation into minimum motion. 

How well objectives such as those are 
met depends not only upon the process 
or manufacturing engineer but also upon 
the harmonious cooperation of every 
single Department. 

This conclusion, then, may be drawn 
from the production story: the task of 
building cars does not stem from the 
genius of one man nor any group of men. 
It is the result of close teamwork between 
many groups with a wide diversity of 
talents. The general manufacturing man- 
ager’s team, the comptroller’s team, the 
purchasing team, and a dozen others, all 
contribute their share of knowledge to the 
success of this business. All of them are 
working toward a common goal—to 
make better cars and to make them at a 
price which the greatest number of 
people can afford. 
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ear Wheels and 
pplied Mathematics 


he universal application of gears, with their variety of tooth forms, differences in 
material and in manufacturing accuracy, is familiar to everyone. An understanding of 
ears, however, is not similarly widespread, even among many technical people. 

hether the gear does its job satisfactorily in a finished product depends largely upon 
‘he engineering design of the gear. The development of gears which can be manufac- 
ured economically is usually a complicated process. Yet the approach is profoundly 
‘imple because the basic tool of the experienced gear engineer is mathematics, patiently 
nd properly applied. A review of some of the gear design fundamentals demonstrates 
Ow engineers developed a time-saving formula which solves the design and specifies 
he machine settings to manufacture a set of hypoid gears. Without such a formula, a 
ear of mathematical work would be necessary using normal schoolroom procedure. 


VERYONE remembers the first watch 

he was given as a youngster. The 
ift invariably carried with it the admo- 
ition: “Don’t drop it; don’t lose it, and 
on’t take off the back of the case.’ But 
ust as invariably he ran and hid and 
romptly took off the back and there in- 
ide were a number of little gears quietly 
orking. The younger the child, the 


ore fascinating was the gear train, and 
serhaps he never ceased to be interested 
n their hypnotizing motion. 

Doubtless some have learned, perhaps 
inconsciously through a first association 
with a watch, to respect and even admire 
tear wheels. The sole purpose of a gear 
s to put power in a wheel in the way in 
which it is wanted. For their purpose, 
he gears in a watch do a most satisfac- 
ory job since they operate at a relatively 
low speed. The gear that drives the 
econd hand, for example, turns com- 
sletely only once a minute. Refinement 
af gear tooth shape or profile, as it is 
yenerally termed, is critical in a watch 
mily in reducing friction to a minimum. 
Now in contrast to a slow moving 
nechanism like a watch, consider an air 
urbine no larger than a small handbag 
n which the turbine wheel and shaft 
und the first gear in the train operate at 
a speed of 84,000 rpm. Fortunately, 
sears of this type, because of their larger 
ize, can be manufactured to the most 
sxacting accuracy. Such gears do not 


“ig. 2—(Left) A collection of typical gears 
llustrating a variety of designs which are the 
esult of a need to perform in an unusual way or 
‘o be easily made. 
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Fig. 1—A lantern pinion and gear typical of 
those used in inexpensive modern clocks. 


have to carry a heavy tooth load. 
Rather, the power developed is a func- 
tion of a relatively light tangential load 
and a very high speed. 

Modern manufacturing methods have 
made possible refinements of tooth form 
in small gears which make them vastly 
superior to the lantern gears common 
to the old-fashioned kitchen clock. Hun- 
dreds of years old, the lantern gear was 
the first workable concept of the small 
gear. It was made of hardwood pins 
and worked quite well as a spur gear 
pinion driving a larger wheel with pegs 
sometimes called cogs. The lantern gears 
of an inexpensive clock, as shown in Fig. 
1, are usually made of steel pins fixed in 
brass end plates about as big around as 
a lead pencil. This is not a difficult con- 
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struction and the gears can be made to 
any desired degree of accuracy. 

This gear train has one drawback, 
however, which makes it useless in 
machinery requiring any degree of speed 
or tooth load in its function. Unless the 
mating gear is designed and manufac- 
tured with the most painstaking care and 
the center distance of the two shafts is 
maintained with equal accuracy, a con- 
stant change in angular velocity from 
one gear to the other results. 

Recall the disproportionate noise which 
issued forth when a tightly wound toy 
clockwork locomotive was allowed to 
run, in the hand perhaps, without resist- 
ance. Noise in itself is not necessarily 
objectionable but it portends errors which 
shorten the trouble-free life of the gear. 
This almost ear-splitting buzz was the 
result of tooth interference and torsional 
vibration from lantern gears and cog 
wheels just running too fast. Common 
sense suggests the impossibility of a gear 
of this type running 84,000 rpm. 

If gears do not have universal appeal, 
they certainly have universal applica- 
tion—from the small wrist watch to the 
enormous multiple-faced herringbone 
gears which drive the screws of a battle- 
ship. The style and size of gears range 
within and even beyond these limits. Of 
course, they differ in engineering design, 
in manufacturing accuracy, and widely 
in materials—from nylon to carburized 
steel. Their only requirement is their 
adequacy for the finished product (Fig 2 

The plant manager at Chevrolet’s 
Gear and Axle Plant operates the largest 
gear manufacturing establishment of its 
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PITCH POINTS 


Fig. 3—The center-to-center distance of the 
pulleys is divided at the intersection of the crossed 
belt in direct proportion to the size of the pulleys. 
In gear parlance this dividing point is called the 
pitch point. 


kind in the world. He has remarked 
many times, in the more than 40 years 
he has been in the business, that 90 per 
cent of the quality of a gear is contributed 
by engineering design and only 10 per 
cent by manufacturing accuracy. A sub- 
stantial burden of the success of the 
product, therefore, must rest upon the 
engineer. 

Gear engineers are an esoteric cult 
whose members worship with the greatest 
devotion at the shrine of mathematics. 
They obtain, and have learned to expect, 
little or no sympathy simply because of 
the absence of an interest in mathe- 
matics—a characteristic of entirely too 
many people. As the philosopher said, 
“We fear only that which we do not 
understand.” Gears are not sufficiently 
well understood even among all technical 
people, for some do not have the mathe- 
matical interest necessary to recognize 
the problem’s simplicity. Actually, gear 
designing is profoundly simple because 
it follows a rigorously definite, precise, 
exacting, understandable, and predict- 
able mathematical pattern. The basic 
engineering tool in gear development 
and design is simply mathematics, pa- 
tiently and properly applied, plus an 
adequate background of experience. 


Familiar Gear Types 


Now for a quick acquaintance with 
the field, review the selected collection of 
a gear engineer’s accomplishments which 
are typical of only the most exacting 
and finest gears made. The collection 
shown in Fig. 2 is small and might 
include a multitude of special designs, 
all interesting, but compromised in a 
number of ways to make them cheaper 


34 


CENTER OF PINION 


FIRST POSITI 
A 
SECOND POS! 
| 
+ A 
| = 
| | 
SECOND POSITION! | 
| | 
| D 
B 
bi of 
C:D<n:N A:B=n:N 
E:F>n:N THE INTENDED F 
| a tL 
ae CENTER OF GEAR a a ae 


Fig. 4—Tooth engagement of a lantern pinion with a cog wheel, shown on the left, illustrates how 
common normals divide the center-to-center distance in varying ratios, resulting in a change in angu 
velocity. Tooth engagement of a lantern pinion with the conjugate gear, shown on the right, illustra 
how the center-to-center distance always is divided in a constant ratio. | 


to manufacture or adaptable in some 
unusual fashion. 

The use of the mathematics related to 
gear design is limited herein first to the 
most elementary discussion of the quality 
that separates the gears from the cog 
wheels and, second, to the impossible— 
hyperboloid pitch surfaces. Every other 
gear design problem lies in between 
these limits and the problems are legion. 

The purpose of a set of gears is to 
transfer motion uniformly and the set’s 
quality is determined by its deviation, 
even though infinitesimal, from ideal 
uniformity of motion. A gear transfers 
motion uniformly; a cog wheel does not. 

A great many gear tooth forms have 
been designed in attempts to eliminate 
the lack of uniformity evident in the cog 
wheel. Except for a few specialized pur- 
poses, in watches and clocks for example, 
only one form, the circular involute 
form, is of any importance today. 

A schematic illustration of the action 
of meshed gears is a pair of pulleys trans- 
mitting motion from one to the other 
through a crossed belt as in Fig. 3. If the 
belt were made of rubber and the center 
distance were changed, it is evident, by 
common sense or simple geometry, that 
the center-to-center distance of the pul- 
leys is divided at the intersection of the 
crossed belt in direct proportion to the 
diameter of the pulleys. Since the num- 


ber of teeth is a function of the diame 
the center-to-center distance between 
two gears of a pair is divided at the pit 
point (which is equivalent to the poi 
of belt intersection) in direct proporti 
to the number of teeth in the gears. 
transmit motion uniformly, the teeth 
a pair of gears must have their com 
normals pass through the pitch point 
every phase of tooth engagement. 
deviation whatsoever produces acceler 
tion or deceleration in the driven gea 
Now note what happens to a lant 
gear and cog wheel. Fig. 4 is a grotesq : 
exaggeration but it clearly shows ho 
the relative velocity of the driven mem 
must change through the period of toot) 
engagement. The common normals 
the point of mesh divide the center-t 
center distance of the gears in ev 
varying ratios. In the first position, t 
normal divides the center-to-center di 
tance in the proportion E to F which 
greater than the proportion of the nu 
ber of teeth. In the second position, 
normal divides the center-to-center di 
tance in the proportion C to D which 
less than the proportion of the number 
teeth. The ratios at any phase of mes 
are actually the instantaneous ratio 
the gear set. However, the lantern gea 
can drive a cog wheel tooth of mor 
unusual shape, which is illustrated o: 
the right in Fig. 4, at a uniform speed 
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3ASE CIRCLE 


DISPLACEMENT OF INVOLUTE CURVE 


fig. 5—The displacement of an involute curve— 
iny normal to a circular involute is tangent to 
‘he base circle. 


At every phase of engagement, the com- 
non normal passes through the pitch 
doint and divides the center-to-center 
listance of the gears in direct proportion 
o the number of teeth in the gears. To 
sraphically or analytically develop this 
mnusual form is time consuming and 
most difficult of accurate reproduction. 


Advantages of the Involute Form 


The kinematic requirement for trans- 
itting motion at a uniform velocity is 
Ifilled when the common normals to 
€ point of tooth engagement are tan- 
ent to the base circles of the gears. 
ig. 5 illustrates the fact that any normal 
a circular involute is tangent to the 
ase circle. Therefore, accurately devel- 
ped involute form teeth fill the exacting 
inematic requirement necessary to ob- 
in uniform velocity from one gear to 
he other. All that is required is main- 
aining the centers of the base circles and 
ery perfect involutes. This is described, 
r recognized, as smooth, perfect rolling 
ction. The common normals to the 
volute teeth in Fig. 6 readily pass 
hrough the pitch point with no devia- 
ion in direction; the direction follows 
erfectly the path of the schematic 
‘rossed belt. This condition is coincident 
ith the involute form but is of no con- 
equence in transmitting uniform action. 
Equal in importance to the kinematic 
dvantages of the involute tooth form is 
he manufacturing advantage in being 
ible to design machinery and tools to 
Jevelop this tooth shape accurately, or 
‘o generate the gear as the term is under- 
tood. Returning to the basic concept of 
he circular involute, the radius vector 
it any point on the curve from the base 
sircle is necessarily equal to the distance 
rom the start of the involute, around the 
deriphery of the base circle, to the point 
of tangency of the selected radius vector. 
Now, if the grinding wheel in Fig. 7 is 
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Fig. 6—An involute curve (left) is traced on the card attached to the rolling disc showing the tangent to 
the base circle normal to the involute. The two cards cut out to form involute templates (right) transmit 
uniform motion from the lower to the upper shaft. A line tangent to both base circles is normal to the 


involute. 


adjusted with its cutting face normal to 
a plane and the base circle is rolled, 
without slipping, across the plane, a 
perfect circular involute can be devel- 
oped to any degree of refinement re- 
quired. This is the sole principle involved 
in generating gear teeth of involute form. 

The manner in which this principle is 
applied in most commercial gear cutting 
machines is to set the tool at the pressure 
angle of the tooth and roll the gear on a 
correspondingly larger circle. The geo- 
metric aspect of this is evident in Fig. 8. 
Involute tooth shapes are loosely de- 
scribed in terms of the pressure angle 
which is all important in successful de- 
sign of the cutting tool. But the cutting or 
generating tool—at any angle—is a flat, 


BASE CIRCLE 


PLANE NORMAL TO 
THE CUTTING TOOL 


Fig. 7—The generating tool cuts a perfect circular 
involute when the base circle is rolled on the 
plane normal to the grinding wheel face. 


straight plane, easily made, which con- 
tributes immeasurably to the commer- 
cial success of the involute tooth form. 

Any required degree of refinement 
towards perfect action is obtained in just 
one tooth. A large, undressed cast steel 
gear is suitable to drive a stone crusher. 
A delicate chronometer may require an 
almost microscopic gear cut with a 
sapphire fly cutter whose form is ob- 
tained with diamond dust and a lapidary 
wheel under a microscope. But funda- 
mental refinement of the tooth form 
dictates the quality of the gear—in turn 
dictated by its design and intended 
purpose—and the required quality gen- 
erally dictates the most suitable method 
by which it is obtained. 
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Fig. 8—The generating tool cuts a perfect circular 
involute when the tool side is cocked at an angle 
to the tangent plane of a rolling circle and the 
gear is rolled across that tangent plane. 
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BASE CIRCLE 


BASE CIRCLE 


Fig. 9—The pitch surfaces of spur gears are 
cylinders, shown on the left. The pitch surfaces 
of bevel gears are cones (right). The number of 
teeth is directly proportional to the diameters, 


as n/N=d/D. 


The Pitch Surface 


All pitch surfaces are abstractions. 
Hyperboloidal pitch surfaces are perhaps 
the most difficult to visualize. The pitch 
surface of a gear (Fig. 9) is that invisible 
geometric shape in every style of gear 
through which action passes as pure 
rolling motion without slipping. This is 
the framework around which the teeth 
are designed. Spur gears are a simple 
example: the pitch surfaces are two in- 
visible cylinders both tangent at the 
pitch point and their diameters are pro- 
portional to the number of teeth in the two 
gears. Almost as simple are the pitch sur- 
faces in a pair of bevel gears. Obviously, 
the surfaces in this case are cones with 
common elements tangent and contain- 
ing the pitch point. The cone points are 
coincident because the shaft centers 
intersect. The tangent of either cone 
angle is immediately recognized as the 
appropriate ratio of the number of teeth 
in the mating gears. Suppose it is required 
that the shaft centers do not intersect, as 
in Fig. 10. In this case the shafts are 
merely offset the desired distance, re- 
sulting in gears with hyperboloidal pitch 
surfaces. 

Ordinarily, one thinks of a hyperbo- 
loid as a surface of revolution developed 
by revolving a hyperbola around any 
properly selected polar axis. Now, 
imagine the hyperboloidal pitch sur- 
faces of gears to be something more 
concrete and developed from a straight 
line. 

Look at it this way. The cylinder, 
coaxial cones, and a hyperboloid in Fig. 
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11 are a family of geometric figures. 
Their only difference is the relation of 
the generating line to the axis of rota- 
tion. In the illustration, the generating 
straight line is shown in color and the 
generated surface is described by the 
black lines. If the generating line is 
parallel to the axis and revolved in a 
circle about the axis, a cylinder is gen- 
erated. If the generating line intersects 
the axis and is rotated about the same 
circles which limited the cylinder, two 
symmetrical coaxial cones are generated. 
Finally, if the generating straight line is 
not parallel to and does not intersect 
the axis and is rotated about the same 
circles which limited the cylinder and 
the cones, a hyperboloid is generated. 

The conditions which govern the gen- 
eration of these surfaces are the condi- 
tions which govern their use as pitch 
surfaces. Spur gears have parallel axes, 
bevel gears have intersecting axes, and 
hyperboloidal gears have non-parallel 
and non-intersecting axes. 

The difficulty of accepting the geo- 
metric fact that a straight line can be 
laid tangent across the warped surface 
of a hyperboloid is due to a lack of 
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SPIRAL BEVEL 
GEAR 
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CENTER 


familiarity with hyperboloids. Taki 
advantage of this fact immediately, t 
hyperboloids can be tangent to e@ 
other with perfect geometric accura 
as in the illustration in Fig. 12 of tt 
conjugate hyperboloids which have: 
common element. They will, therefo: 
roll around one another, accepting; 
little endwise sliding, just as two cyli 
ders or two cones roll around one anotha 
Endwise sliding is characteristic of 
hyperboloidal gears and is the ba 
reason for using extreme pressure lub} 
cants for rear axle gears. 

In this way, perfect geometric sha 
are developed for the pitch surfaces 
hyperboloidal gears. Substitute suitak 
designed teeth for these abstract e2 
ments on the cylinders, the cones, a 
the hyperboloids, and perfect conjugz 
gears of the three general types 
created. 

It is evident that the direction of 
hyperboloid element is not to be im 
diately nor easily recognized. This is 
cause for uneasiness for the consideratii 
of the hyperboloids of pitch surfaces; 
highly theoretical and they never appe 
in the actual design and development} 
the gears themselves. Recognizing 
fact, the term Aypoid will hereafter 
used in describing gears derived fra 
hyperboloid surfaces. The shorter teg 
is merely a contraction coined maj 
years ago and properly belongs to 
Gleason Works which makes the machii 
tools for commercial manufacture of ti 
type gear. 

The pitch surfaces that are actua 
designed, and to which the tooth desig 
is adjusted, are cones which are px 
sumed to be properly tangent to the 


Fig. 10—Schematic diagram of straight or spi’ 
bevel gear and hypoid gears showing 
intersecting shaft centers. 
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Fig. 11—A family of geometric figures—the 
position of the generating line determines the 


_ resulting figure. A hyperboloid is a surface of ja, 
_ revolution developed by rotating about an axis # ‘2 
a straight line which neither parallels nor inter- f 
sects the axis. f 
f ro! 
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Fig. 12—Two hyperboloids in perfect conjunction ae ect it? ait n oe a tt 
have a common straight line element and, { s F 
therefore, will roll around one another. j is, see ~<a 
m8 
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KNOWN VALUES ARE 
nm - NO OF TEETH OF PINION 
N - NO. OF TEETH OF GEAR 
y - SPIRAL ANGLE OF PINION 
f - MEAN RADIUS OF GEAR CUTTER 
D - OUTSIDE DIAMETER OF GEAR 
F - FACE OF GEAR 


E - OFFSET OF PINION / 


=. \\ io D. ae 


UNKNOWN VALUES ARE: 


A- CONE DISTANCE OF GEAR 


1 N 
STANCE FROM MEAN POINT TO THE CENTER LINE OF PINION, 
NORMAL TO THE PITCH CONE 


&€ - OFFSET ANGLE OF PINION 


¥ - PITCH CONE ANGLE OF PINION 


Te = 


UNKNOWN VALUES 


| D 
, oe 
2 SINE 
' N Cos” 
3 SINE = 


4 TANT = 


hypothetical hyperboloids. Now, of 
course, tangent cones whose axes are not 
coplanar can be tangent at only an 
infinitesimal point and this will be the 
middle of the gear tooth across the face. 
But the formula for the size and propor- 
tion of these cones is quite another 
matter. 


From Theory, a Practical Formula 


The formulae to be described were 
developed 17 years ago when Charles W. 
Jackman, now an assistant staff engineer 
at Chevrolet Motor Division, made an 
analysis of hypoid gears from a paper 
written at the Gleason Works. He first 
stated the problem in 13 equations with 
13 unknown quantities which he showed 
to the writer. Working together, Mr. 
Jackman and the writer equated and 
interchanged them until they resolved 
the problem into the five equations 
shown in Fig. 13. 
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Fig. 13—Formula for a hypoid gear set. 


Five answers are required to five places 
of the decimal and the nearest minute of 
the arc. However formidable five simul- 
taneous equations of trigonometric form 
may appear, their solution is absolutely 
imperative. They must be solved in 
order to get into the really useful business 
that follows: designing teeth for the sur- 
faces, designing gear blanks to properly 
contain the teeth, and calculating the 
settings for the five different machines 
which are necessary to cut the teeth. 

With sufficient knowledge of trigo- 
nometry to interpret a table of functions, 
the required answer may be obtained in 
about 30 minutes. In the solution of the 
problem, at least a fair approximation 
of some of the answers are known and 
the others can be determined by the 
method of specific iteration. The pro- 
cedure is quite simple and requires only 
some place to start. Since the cone angle 
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of the smaller gear resembles in principli 
as well as function the cone angle 
any normal set of bevel gears, the tangent 
of the cone angle approaches the ratis 
of the number of teeth. This operatios 
is listed as item 12 in Fig. 14 and from 
it items 43, 42, and 39 are derived and 
noted on the three lines below line 13. | 

Similarly derived are approximation) 
of items 29, 30, and 31 which are noted 
on the three lines below line 18. Valued 
are calculated from these approxima 
tions for items 24 to 43, inclusive. Note 
that new values for the approximated 
terms result from these calculations aad 
appear in their proper sequential pak 
tion. In the next trial calculation, the 
process is repeated using the calculatec 
values from the first calculation as ap 
proximate values in the second calcula; 
tion. Reading across the five trial col 
umns, note how rapidly items 24, 25) 
29, 38, and 41, the crucial unknowns, 
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uential operations on a typical calculating machine. 


ple: Item 37 is (25) (6) + (24) (36) + (37), and means to perform each operation in 


Fig. 14—Solution of five simultaneous equations 
_ by specific iteration. Reading across the five 
trial columns, the crucial unknowns, items 29, 
30, 31, 39, 42, and 43, approach a definitely 


converging relationship. 
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approach a definitely converging re- 
lationship. 

The standard form is set up to accom- 
modate five sets of computations. Some 
gear set proportions establish definite 
values, within the limits of accuracy 
required, in less than five applications 
of the computation. 

To appreciate more fully the impor- 
tance of getting on with the task there 
are, besides the page shown, eight more 
pages with about 600 computations plus 
three simpler pages required to complete 
the solution of the design and specify 
the machine settings to manufacture a 
set of hypoid gears. 

The problem presented is certainly 
most difficult if a solution is attempted 
using normal classroom procedure. If 
hypoid gears had to be designed and the 
astounding amount of computation car- 
ried through in familiar fashion, it would 
probably take a year of steady mathe- 
matical work. It is of economic necessity 
that methods such as this be developed 
and exploited to their fullest to make 
such designs feasible. 


Summary 


In a highly competitive market an 
assembled product is for sale in terms of 
quality versus price. 

The commercial success of mass 
production is mass assembly. Rarely does one 
want a pair of gears, but probably every- 
one wants a quality automobile at a fair 
price. The cost of a product is very largely 
a function of the time—man-hours— 
expended in making the parts and putting 
them together. Time spent in back- 
tracking, disassembly, and rebuilding is 
money wasted. And gears are especially 
temperamental; they must be precisely 
identical within discouragingly close 
dimensional tolerances to permit random 
assembly and ultimate acceptance within 
the high standard of required quality. 
The required quality is compatibility 
with the shiny steel box full of silence sold 
to the typical American as an automobile. 
Engines are silenced with mufflers; 
wheels are silenced with rubber, but 
gears can only be silenced with quality. 

Fine gear designs may be diligently 
refined in the crucible of mathematics, 
but fine gears are only created by artisans 
with patience and devotion to their task. 
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Air Suspension Ride: How Engineers 
Gave Resilience to a Compressed Air 
System with Rubber Bellows 


Almost since development of the first successful gasoline car in America, in 1892, 
engineers have been concerned with suspension systems and their effects on the driver 
and passengers. The conventional steel spring suspension was developed and, today, 
remains the mainstay in assuring passenger comfort. While improvements continue on 
steel spring suspension, engineers have been studying the use of compressed air, con- 
trolled by some means which would offer resilience for the suspended body, as a 
suspension medium. They have studied the use of compressed air for suspension of 
vehicle bodies for more than 12 years, and GMC Truck and Coach Division engineers 
have developed a successful system now in use on some 1953 coach models. 


URING the past 60 years, motor 
D vehicles have evolved from awk- 
ward, buggy-like conveyances to safe, 
dependable, and efficient machines. Yet, 
vehicle designers are still experimenting, 
testing, and perfecting. Suspension is a 
major factor in relation to performance, 
safety, comfort, stability, steering, tire 
and gas mileage, and body life, and so 
designers continue to work toward per- 
fecting suspension systems. This perfect- 
ing process applies to conventional steel 
leaf and coil springs and all other known 
possibilities. 

The most recent innovation in suspen- 
sion is the so-called air suspension ride 
developed for General Motors Truck and 
Coach Division passenger coaches and 
introduced on some models in 1953. This 
production system uses compressed air as 
a suspension medium and incorporates 
eight flexible nylon tire fabric bellows. 

To understand the place which air 


GM engineers indicate that the new 
spring, made of supertough synthetic 
rubber reinforced with nylon tire fabric, 
will last the life of the bus. 


*Reproduced from June, 1953 Reader's Digest with per- 
mission of Reader’s Digest Association, Incorporated. 
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highly 


suspension fills in meeting this basic 
vehicular requirement, it is necessary to 
consider some of the factors involved in 
an ideal suspension system and to con- 
sider how the system evolved for coaches 
fulfills ‘these specifications. 


Aur Suspension Development 


Before any development is considered 
for production, the designer must make 
certain that the change he contemplates 
is worth-while. It was therefore necessary 
to submit the new air suspension system 
to a series of rigorous tests. The new sus- 
pension was operated in different models 
of coaches over all types of city streets 
and open highways with many observers. 
At the same time it was necessary to 
Operate a conventional vehicle over the 
same routes for the purpose of com- 
parison. Here a great deal of dependence 
was necessarily placed on personal opin- 
ion to determine the quality of the ride. 
Personal opinion itself, however, is a 
own and exceedingly vari- 
. Hence, the only approach 
answer was to average the 
large number of people 
> number of operating con- 


ding various designs and arrange- 
rents of bellows and axle positioning 
means. The development of the leveling 
valve, the mechanism which controls 
the flow of compressed air to and from 
the bellows, required many different 
designs before a practical device was 
obtained. This valve is described below. 

To determine the durability and serv- 
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ice life of the various units in the suspe 
sion system, a total of nearly 50,000 
was accumulated on the Belgian Bloe 
road, the roughest course in the Gene 
Motors Proving Ground, near Milfor 
Michigan. This was in addition to come 
siderable routine laboratory testing. TH® 
air suspension system was installed an} 
tested on eight different vehicles before 
production release was made. 
After checking riding comfort arp 
durability, studies were required on 
effect of the new suspension system upd 
such characteristics as steering, brakingp# 
roadability, and tire life, all of whic i 
could be determined only on the road. 
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Suspension Requirements 


The fundamental requirement of | r 
coach suspension system is to provich 
mental and physical comfort and safet 
for the passengers and driver. At om 
time engineers thought the rate of 
“change of velocity” caused riding diaR, 
comfort. But early experimentation i 
reducing the rate showed this was oni 
partially true, for lowering the rate prog, 
duced the same effect on some passers 
gers as the slow roll of a pitching ocea: 
liner. 

Through the ages, the average humas 
being’s internal organs have becom 
accustomed to the motion from walkin: 
at the rate of two to three miles per ho 
with approximately a 30-in. step. Co 
verting two miles per hour to steps peg 
minute gives a rate of 70.4 oscillatio 
per minute, and three miles per hou 
simplifies to a rate of 105.6. This concep 
was presented as early as 1923 befor: 
the Institution of Automobile Engineers 
Most contemporary pleasure cars art 
designed with a suspension frequency c&% 
from 60-90 oscillations per minute. Tha 
automotive industry has found that an? 


| 
| 


‘frequency appreciably lower than 60 


causes nausea for some passengers and 
‘unsatisfactory control. Any appreciably 
higher number of oscillations per minute 
than 90 produces a hard jarring ride. 

! Any change of mass in a body affects 
‘the kinetic energy of that body. To 
illustrate: 


mV? 
where E=> 
& 
E = kinetic energy 
m = mass 
V = velocity 
g = acceleration due to gravity. 


As the body weight m decreases, its ability 

to resist force without changing its hori- 
zontal position is decreased. An example 
of this fact is the easier ride in a full 
coach as compared to an empty coach 
with conventional steel springs. 


Comfort 


The most desired type of suspension is 
one that keeps the same number of 
oscillations per minute regardless of the 
load. This insures a comfortable ride 
whether the coach is full or empty. 

Another feature of an ideal coach 
suspension is its ability to provide the 
necessary mechanisms to diminish suc- 
ceeding motions of the chassis caused 
by stored energy in the suspension and 
moving parts after the wheel has passed 
over road irregularities. 

The most advantageous suspension 
system is one that should eliminate any 
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sizeable amount of friction. This is neces- 
sary for two reasons: friction of rest is 
greater than friction of motion and friction 
of rest varies with climatic and lubrica- 
tion conditions. With a large amount of 
friction, small movements of the un- 
sprung portion of the vehicle cause heavy 
vibrations to the sprung mass because 
the heavy friction of rest must be over- 
come before even a slight flex of the 
resilient means occurs. Thus, when larger 
movements occur, heavy friction at the 
beginning causes large disturbance$ which 
result in very rapid acceleration or lurch. 


Safety 

The safety of the passengers and the 
operator is of prime importance in the 
consideration of a coach suspension sys- 
tem. Steering, car control, and suspen- 
sion are correlated so that one cannot be 
discussed without the others. Steering is 
understood to mean the control that the 
driver exercises over the vehicle—his 
ability to cause the vehicle to travel in 
the desired direction with ease and safety. 
It also includes the ability of the vehicle 
itself to maintain a straight course and 
return to a straight course when it has 
been disturbed in any way. This control, 
exercised by the driver, is transmitted 
through the steering gear, the linkage, 
the suspension, and the tires. 

The ideal suspension has the impor- 
tant job of keeping the axles positioned 


Fig. !—Air Suspension units as installed on a 
4|-passenger intercity coach. The components 
identified are: 1 air beam, 2 air bellows, 3 
auxiliary air tank, 4 front axle upper radius rod, 
5 front axle lower radius rods, 6 front suspension 
support (right), 7 front axle lateral stay rod, 
8 front suspension height control valve, 9 front 
suspension support (left), 10 rear air beams, 
11 rear suspension height control valve (right), 
12 rear suspension air bellows, 13 rear suspension 
support (right), 14 rear axle lower radius rods, 
15 rear axle upper radius rods, 16 rear suspension 
support (left), 17 rear suspension height control 
valve (left). 


properly. Axles should move up or down 
with respect to the body. Lateral, longi- 
tudinal, or torsional movements are to 
be avoided. Any of these three may have 
an unfavorable effect on ride, tire wear, 
and most important, on steering geome- 
try and vehicle control. For instance, if 
the rear axle is allowed to turn slightly 
on its axis understeering or oversteering may 
arise and disturb the steering geometry. 
Understeering is a condition in which a 
vehicle, being directed into a turn or 
operated on by a lateral force, tends to 
travel at a greater radius. Oversteering 
is a condition in which a vehicle, if 
headed into a turn or operated on by a 
lateral force, for example, a side wind, 
tends to steer itself into the direction of 
this force. Both of these conditions re- 
quire extra movement of the steering 
wheel to maintain the desired radius of 
turn. Both disrupt ideal steering geome- 
try. Both increase driver fatigue by 
decreasing the ability of the vehicle to 
maintain a straight course without assist- 
ance from the driver, and increasing 
the amount of force required at the hand 
wheel for turning corners. 


Material 


Material for suspension systems must 
have maximum elasticity—it must have 
long life when flexed through a given 
cycle that does not exceed its physical 
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properties. Another requirement is that 
it be able to deflect through a given cycle 
without permanent deformation, espe- 
cially in the vertical direction. It must 
have stable physical properties so that 
whether the temperature is below 0° F. 
or at 100° F., it has substantially the 
same suspension characteristics. Also it 
must be relatively unaffected by the 
actions of mud, water, and salt. Low 
maintenance cost is a desirable factor. 


How Air Suspension Meets 
These Requirements 


With the requirements of an ideal 
suspension in mind, engineers devised the 
air suspension system. Air suspension 
system is logically named for the com- 
pressed air which acts as a cushioning 
medium between the vehicle and the 
axles. Air is contained in four air beams 
(Fig. 1), two at each axle. Mounted below 
each air beam are two rubberized nylon 
cord bellows which serve as flexible con- 
nections between the frame and the axles. 


Rubber 


The air suspension system designers 
decided to use rubber in their new system 
because it is perhaps the most flexible, 
elastic, mobile, inert matter known for 
practical use. Rubber has no _ initial 
friction to overcome in flowing and 
flexing and it is silent. In this service, 
rubber wears very slowly, whereas alloy 
steel, used in spring suspension systems, 
has a certain fatigue limit. Tests with the 
air suspension system over a period of 
ten years show no appreciable wear. 
Air suspension lasts the life of the coach. 
Rubber requires no lubrication or care 
and is resistant to salt, grit, and grease. 
Important for use in a suspension system, 
rubber has the ability to absorb every 
degree of shock. 

Aside from the bellows, rubber is used 
in other parts of the air suspension system. 
To do the best possible job of keeping 
road and axle noises out of the coach 
body, the axles are completely insulated 
from the body. No metal-to-metal con- 
tact exists between axle and _ body. 
Torque rods, sway bars, shock absorbers, 
and leveling valve links incorporate 
bushings of rubber in their connecting 
ends. The bellows of rubberized fabric 
insulate the axles from the body. 


Compressed Air 


The compressed air in this system is 
supplied to the leveling valve which, in 
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2000 


Fig. 2—Comparison of rate 
and frequency, at various 2 
loads, of air suspension and 
metal leaf spring systems in ae 1000 
5|-passenger transit coach. a 

o 

ao 

at 


500 


DEFLECTION RATE — 


turn, meters it to the suspension system. 
Engineers recognize that compressed air 
makes an ideal suspension medium by 
virtue of its nature and characteristics. 
Compressed air responds to the slightest 
vibrations. It gives maximum benefits in 
the high frequency vibration range. 
Because there is no friction to overcome 
with compressed air, it responds instantly 
to the slightest axle movements, even 
those caused by the tread of the tires. 
Compressed air makes possible a pro- 
gressive rate of deflection (Fig. 2). 

The air suspension system allows little 
friction. With high-friction suspensions 
there is a heavy resistance on small 
bumps when little resistance is desired 
and little resistance results when high 
resistance is desired. The result of an 
impact with a high-friction suspension 
is comparable to the impact of striking 
an anvil with a hammer. With friction- 
less suspension systems it is more like the 
impact that occurs when a heavy piece 


of rubber is placed on the anvil before . 


striking. The force is the same in both 
but the resistance is different. 

In the air suspension system practically 
all friction is eliminated and shock 
absorbers can be designed to control only 
excessive axle movements such as occur 
on washboard roads. This leaves the 
Suspension system practically free on 
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; 
normal road surfaces and provides the 
optimum in soft ride. 

The compactness of the air suspensioe 
system makes possible the design of 
shorter-turning-radius steering system 
The turning ability on GMC coach 
with the air suspension system install 
is improved two to three and one-h 
feet through center-type steering (axle 
mounted) and installation of front, ai 
suspension assembly. 


Radius Rods 


In the air suspension system the tas 
of keeping the axles positioned properlv 
is assigned to a system of radius rod 
(Fig. 1) which are designed to minimiz 
the movement of the axles with respect: 
to the body except, of course, for purely; 
vertical movement. These rods maintain} 
the positions of each axle against any 
lateral, longitudinal, or torsional move-! 
ments. 


Low Maintenance Cost 


Installation of the air suspension sys-- 
tem reduces maintenance costs. Spring} 
replacement is eliminated since there is} 
no metal fatigue. The air suspension 
system is permanently noiseless. All the 
joints have rubber bushings so no lubri- 
cation is required. The air suspension 


system has a long life. Body stress is re- 
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Fig. 3—A schematic diagram of the leveling 
valve which controls the intake and release of 
the compressed air. 


duced because the air suspension system 
absorbs most of the shocks completely. 


Advantages of Air Suspension 


Following are the principal advantages 
of the air suspension system: 

(a) It eliminates the disadvantages of 
high frequency, low amplitude 
vibration, and inconsistent ride 
control especially under light load 
conditions. 

It limits the duties of the load 
carrying member to suspension 


(b) 


only. 

It provides a constant body height 
above ground, an important fea- 
ture in a motor coach where legal 
requirements dictate a certain 
maximum step height. 


(c) 


It provides an excellent sound 
insulating device absorbing most 
tire, wheel, gear, and brake noises 
before they reach the coach body. 


(d) 
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(e) It reduces maintenance by elimi- 
nating metal-to-metal joints which 


require lubrication. 


(f) It results in a considerable reduc- 
tion of stresses in the vehicle body 
and chassis structure because it 
reduces or eliminates many of the 
high frequency loads transmitted 
from the axles to the body and 
chassis in a metal suspension 
system, 

(g) The nylon cord bellows have a 

low flex stress and tests indicate 

their life will be much longer than 
conventional metal springs. 


Special Features of Air Suspension 
Leveling Valve 

The most critical component of the 
system is the leveling valve. There are 
three mounted on the coach body frame, 
one in the front and two in the rear of 
the vehicle (Fig. 1). The function of 
these valves is to maintain the correct 
riding clearance between body and axles. 
To illustrate, as passengers board the 
coach, the gradual increase in weight 
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Fig. 4—Plotted lines showing deflection char- 
acteristics of a 5]-passenger transit coach 
equipped with one pair of rear bellows. 


causes the bellows to flex and the loaded 
body settles toward the axles. As this 
happens, the axle connecting link rises 
and forces the arm to rotate in a clock- 
wise manner as shown in Fig. 3. This 
rotation forces upward the inlet valve. 
The exhaust valve remains in a closed 
position. The air from the auxiliary air 
tank rushes in through the air inlet, its 
pressure forcing open the check valve, 
and rushes down the air feed line through 
the air beam into the bellows. The bel- 
lows expand and _ the 
pressure returns the coach body to its 


increased air 


original position. 

Conversely, as the passengers leave 
the coach and the load is decreased 
gradually, the body of the vehicle rises. 
This rising causes the connecting link 
to lower and the arm to rotate in a coun- 
terclockwise motion. This movement of 
the arm forces the exhaust valve open 
while the inlet valve remains locked. 
The compressed air in the expanded 
bellows, discovering an outlet, rushes 
through the air feed line, past the 
exhaust valve, and out the exhaust port 
(Fig. 3). The bellows deflate and return 
the body to its original position with 
respect to the axles. 

Thus, the body is always maintained 
at a fixed position with respect to the 
axles, regardless of load, and the flex 
rate is always directly proportioned to 
the load. This results in constant fre- 
quency and the same riding quality 
regardless of whether the coach is empty 
or loaded (Fig. 4). 
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Fig. 5—Close-up of air suspension installed on the rear axle of a 4l-passenger intercity coach. The 
identified components are: 1 air’ beam, 2 upper radius rods, 3 upper radius rod anchor bracket, 4 shock 
absorber, 5 height control valve, 6 height control valve arm, 7 height control valve link, 8 height control 
valve link bracket, 9 air bellows, 10 suspension support, 11 lower radius rod. 


Another important function has been 
designed into the leveling valve. It never 
admits or exhausts air except when the 
load is changed gradually. Normal move- 
ments of the axles which occur when the 
coach is moving over rough road have 
no effect on the leveling valve. This func- 
tion is accomplished by means of a 
damping device so arranged that the 
valves do not operate except when the 
change in distance between axles and 
body is very slow and steady such as 
occurs when loading or unloading a 
coach. 

Most of the shock from a quick change, 
such as in road irregularities, is absorbed 
by the rubber bellows. Any sudden 
change moves the arm and causes the 
arm shaft to pivot and move one of the 
hydraulic pistons. The needle valve is 
designed to restrict the rate of liquid 
according to the needle valve adjust- 
ment. This slows the action of the piston. 
The inlet and outlet valves react only 
with slow and steady loading. The pis- 
tons and needle valve act as dampers 
and react to any sudden shocks. 


Radius Rods 


In the air suspension system radius 
rods maintain the positions of each axle 
against lateral, longitudinal, and _tor- 
sional movements (Fig. 1). These torque 
rods are equipped with rubber bushings 
at each end to absorb shock and road 
noises and to eliminate the necessity for 
lubrication. Rods are mounted in a fore 
and aft direction above and below each 
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axle to absorb the longitudinal forces 
resulting from driving and braking as 
well as’ the components resulting from 
bumps. These rods also absorb axle 
torque developed by driving and brak- 
ing. Lateral bars keep the body centered 
over the axles when the vehicle is round- 
ing a curve or driving on a side slope. 
This method of axle positioning results 
in a safety feature. Independent of the 
bellows condition, the axles are always 
held in their proper location; thus, in all 
cases, assuring the driver of complete 
vehicle control. 


Bellows 


The four sets of bellows with their 
accompanying air chambers are another 
important part of the system (Fig. 5). 
Each of the four air chambers consists 
of a rectangular rubber-lined sheet steel 
box with large openings into two rub- 
berized nylon tire fabric bellows mounted 
below it, forming a single compartment 
of compressed air. 

These eight bellows act as a flexible 
connection between the coach body and 
the axles. The flexing of the air bellows 
results in increasing and decreasing pres- 
sures in the air chamber which act to 
absorb road shocks in the same manner 
that an inflated rubber tire cushions 
shocks from road roughness. 


Conclusion 


Air suspension of vehicle bodies has 
taken 12 years of development for its 
specific application to GMC coaches. It 
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is a mechanical device which is base 
on sound principles of physics but, 
with many advances in industry, its de 
velopment included empirical approache 
which precluded a knowledge of th 
basic theories involved. In essence, th: 
development required a knowledge 
the behavior of air under pressure, ru 
ber under stress, and a knowledge 
what a human passenger would con 
sider an ideal frequency of vertic 
motion as the vehicle passed over al 
conditions of highways. 
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The Relationship of Organizational 
‘Structure to Production Cost 
Reduction Activity 


Maximum production economy, without sacrifice of quality and performance, is the 
goal of all competent engineering. Yet when a product has been manufactured success- 
fully for four years, how can the technical thinking and action of the development- 
production team reduce costs even more? One way is to review current practice involved 
in manufacture and subject this practice to intense study by a committee representing 
each organization function. A typical application of this technique of specialized inter- 
_ functional analysis and action led, at Allison Division, to remarkable production cost 
reduction on a vehicle transmission. The transmission’s 101 Allison-manufactured parts 


_ were subjected to scrutiny, and 287 proposals for improved methods of manufacture 
' resulted. 


(pe a period of rising material 


and labor costs, the problem of 
product cost becomes increasingly acute. 
Industrial management would prefer to 
hold the price line without impairment 
of either the quality of the product or the 
profit from the operation. Such an ac- 
complishment is possible only if suffi- 
cient variables exist in the design of the 
product the manufacturing 
operations. When a large number of 
variables can be brought to light and 
adequate skill and experience are brought 
to bear on them, it is possible to inter- 


and in 


relate these variables in such a manner 
that maximum economy is achieved. 

An understanding of the location and 
nature of the variables is necessary in 
approaching the problem. The origin of 
the variables appears to be in the basic 
structure of the organization, organiza- 
tion here meaning the people whose task 
it is to carry the product through from 
beginning to completion. 

The conventional organization of an 
industrial operation handling a group of 
related products is essentially a functional 
one. This is the case because the func- 
tional organization probably fulfills the 
overall requirements better than any 
other arrangement. The general func- 
tions of an operation might cover De- 
partments for Engineering, Processing, 
Material Procurement and Handling, 
Standards, Tooling, Production, and In- 
spection. Such an organization is shown 
schematically in Table I. The functional 
Departments are listed vertically and 
their contribution is shown symbolically 
horizontally, or left to right. 

An organization of this type is designed 
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to maintain a desirable consistency of 
function between products. The nature 
of its operation develops some degree of 
standardization within each functional 
group. Engineering designs and ap- 
proaches are carried from one product 
to another and thus effect standardiza- 
tion on an informal basis. Precedent is 
established and tends to be maintained 
until interrupted by external effect. This 
phenomenon is at work within each of 
the functional groups, from product to 
product, A through D in Table I. 
The relationships existing between 
functional groups are indicated in a 
vertical direction in Table I. These rela- 
tionships are handled on a formal basis 
by forms and procedures which are an 
integral part of most organizations. These 


DEPARTMENT 
FUNCTION 


ENGINEERING 
PROCESSING 
MATERIALS 
STANDARDS 
TOOLING 
PRODUCTION 
INSPECTION 


By ELMER A. RICHARDS 
and ARTHUR B. WRIGHT 


Allison Division 


Cost Reduction Committee 
preserves quality in 


seeking economies 


are expressed with drawings, route sheets, 
tool layouts, and printed schedules. A 
formal human tie is established by 
higher levels of management, but this 
tie is concerned primarily with admin- 
istration and is not ordinarily as strongly 
in effect at the operating level. 

Random contact is maintained by in- 
dividuals in each of the functional groups 
as problems arise. Such contacts are 
ordinarily limited to the gathering of 
sufficient information only to resolve the 
problem at hand. When any of the func- 
tions are completely interrupted, a meet- 
ing of the responsible heads of the 
affected groups is called and sufficient 
information and activity is brought to 
bear to resolve the problem and allow 
operations to resume. 

It becomes apparent that the vertical 
relationships among the functional De- 
partments listed in Table I are important 


PRODUCT 
b c 


Table I—Each function associated with a product’s manufacture usually is well coordinated hori- 
zontally within itself. Often improved cost performance can result from closer coordination 


vertically, among all of the functional Departments. 
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and that this area can suffer from lack 
of attention simply because forms and 
procedures are not capable of self- 
correlation, although the activities within 
each functional Department may be well 
correlated. In other words, forms and 
procedures do not think. Thus, when the 
vertical relationships require revision, they 
must be given human attention. 

The same factors which underlie the 
normal operational difficulties in an 
industrial organization also affect the 
product cost. It is highly probable that 
a large number of factors exist in the 
relationship of functions which affect 
product cost but do not result in apparent 
operating difficulties. 

From such an approach it would 
appear that the variables would be most 
effectively sought by exploring the ver- 
tical relationshps shown in ‘Table I as 
these relationships affect a product. 


Model ‘“‘V”’ Transmission and a 
Committee 


A case example of the functional- 
relationship approach was the cost reduc- 
tion program undertaken experimentally 
on the Model “‘V” Transmission at the 
Allison Division by a Cost Reduction Com- 
mittee. The particular product involved 
was the power transmitting unit (Fig. 
1) used on city and cross-country coaches 
manufactured by GMC Truck & Coach 
Division. The design of the unit, called 
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Fig. |—Cutaway view of Model “V” 
Transmission subjected to review by 
Cost Reduction Committee. Trans- 
mission contains 235 parts, of which 
101 are Allison-manufactured and the 
remainder purchased in finished state. 
Committee action resulted in 287 
cost-saving proposals on the locally 
manufactured parts. 


the Model “V” 
directed toward conservation of space, 
service accessibility, and rugged depend- 
ability. The Model “V” has 235 parts, 
of which 134 were, and are, purchased 
in the finished state. The unit provides 
for forward operation through a high- 
torque-ratio hydraulic converter and an 
automatic direct drive. Manual shift is 
required for reverse. The use of the 
transmission in normal service requires 
for speed control, only foot operation of 
the accelerator and brake pedals. No 
auxiliary operation of either is required 
to obtain proper shifting of the transmis- 
sion unit. (This allows the driver to 
handle the fare collection as well as the 
driving function.) 

When the Cost Reduction Committee 
went to work, the unit had been in pro- 
duction for some four years. The diffi- 
culties incidental to the beginning of 
operations had been eliminated and the 
general improvement in cost of opera- 
tions associated with the acquiring of 
experience on the job had leveled off. 

From the management standpoint, it 
was desirable to prevent any additional 
increase in cost, since the unit was a 
component in a product marketed under 
highly competitive circumstances. At the 
same time, schedules were at low volume 
due to the demand in irregular volume 
for city and cross-country transport 
equipment. These circumstances pre- 


Transmission, was 


sented problems as formidable as might 
be expected for any cost reduction | 
program. 

The Committee was organized around 
representatives of the various functional 
groups involved in the manufacture of | 
the Model “V” Transmission. The mem- 
bers were selected from among super- 
visors close to the operating level. Such 
a selection provided information first 
hand and yet sufficient 
authority to take action on certain pro- 


maintained 


posals without delay. On some proposals 
one or more committee members con- 
sulted with functional supervisors higher 
in authority. Thus, the basic organiza- 
tional structure of the Division was not 
rather the 
was designed to augment for a special 
purpose the usual working communica- 


circumvented; Committee 


tion among the functional groups in- 
volved. After the Committee agreed 
unanimously, with some of its members 
having sought supervisory guidance, a 
proposal was put into effect. 

Engineering was represented by a pro- | 
duction engineer, and Processing by a 
process engineer. Material Procurement 
nominated a specifications man on spe- | 
cial assignment. The time study analyst 
responsible for work standards and ma- | 
chine loading on the transmission rep- | 
resented the Work Standards Depart- 
ment. The tooling viewpoint came from 
the general foreman and the foreman of 
Tool Try Out. The general foreman of 
the Model ““V”’ Transmission Production 
Departments represented Manufactur- 
ing. Spokesmen for Inspection were the 
general foreman and the foremen of the 
Transmission Inspection Departments. 
Chairman of the committee was a 
methods engineer of the Manufacturing 
Methods Development Department. This 
selection had the natural advantage that 
the methods engineer, in the course of 
normal work, maintained close liaison 
with all of the functional Departments 
involved. 

The Committee agreed to operate ac- 
cording to a three-point policy. The 
points were: (a) there must be no revi- 
sions which impair the performance 
or durability of the unit; (b) every revi- 
sion should be accepted or rejected on 
an economic basis as related to the final 
cost of the product, and (c) when re- 
visions are questionable, relative to 
quality or performance, the experimental 


approach is to be used to obtain factual 
information. 
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Table I]—Adaptation of actual ‘Proposal for Improvement in Method of Manufacturing” affecting the 
Model “‘V” Transmission. This change was adopted and the extra equipment cost amortized in eight 
and one-half months of subsequent manufacture. The part involved is shown in Fig. 3. 


The Committee operated throughout 
the area indicated vertically in Table I. 
Each part in the transmission was con- 
sidered separately. The items in each 
function were studied and related to the 
other functions. That this was productive 
is indicated by the fact that 287 proposals for 
improvement in method of manufacture were 
submitted on the 107 parts which are produced 
at Allison. The proposals for improve- 
ment fell into four familiar categories of 
economy: (a) product design and engi- 
neering specifications, (b) material, (c) 
tooling and equipment, and (d) man- 
power and/or motion. 

The analysis of the individual parts 
took a number of forms. Prominent 
among them was a well-known methods 
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engineering approach consisting of four 
steps: 


(a) Search for the indicator of a prob- 
lem and define the problem. 


(b) Determine the cause of the 


problem. 


(c) Determine an economical pro- 
posal for the 
problem. 


elimination of 


(d) Put the proposal into effect. 


By use of this approach, every produc- 
tion problem became an opportunity for 
improved cost performance. Even when 
there were no indications of a problem, 
the Committee reviewed and questioned 
each operation and its related items of 


product design and manufacturing pro- 
cedure. Suggestions came from each 
functional group and many were sub- 
jected to cost analysis at the Committee 
meetings. Other suggestions required 
further investigation in order to reach a 
decision. Assignments were accepted by 
Committee members to expedite such 
correlation of information. 

For each proposal for improvement, 
the affected portions of the product cost 
were calculated for the proposal and 
compared with the current costs. The 
cost of the change was introduced and 
the time required to pay for the revision 
was calculated. This figure was con- 
sidered the prime factor in accepting or 
rejecting the proposal. 

Table II shows a typical proposal in- 
volving tooling and equipment changes 
which resulted in a saving in production 
costs. By combining a semi-finish opera- 
tion with a finish operation, the unit cost 
was reduced by 51 per cent. This pro- 
posal, like all the others, was carefully 
evaluated from the standpoint of man 
hours required and the estimated cost 
of the change, and the number of pro- 
duction months which would be required 
to amortize the additional equipment 
cost through savings in unit production 
savings. 


Product Design and 
Engineering Specifications 


In addition to the overall design of a 
product, the individual component parts 
are defined in engineering drawings. 
Each drawing is the designer’s concept 
of the best means of fulfilling a par- 
ticular function of the product. The 
designer’s choice is affected by his ex- 
perience—his familiarity with processes, 
materials, and methods. In addition, the 
proposed schedule for production and 
the facilities and abilities of the local 
manufacturing organization may require 
modification of the drawing. Though the 
original choice may have been optimum 
on the date of its release, subsequent 
developments in any of the above factors 
could alter the situation. 

The process used may determine the 
cost of the design to a greater extent than 
any other single factor. Since the design 
and manufacturing process are so inti- 
mately related, and since the process 
has such a pronounced effect upon manu- 
facturing cost, it is desirable to treat the 
two as a combination rather than sepa- 


rate items. The choice of processes is 
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Fig. 2—Output shaft hardness specification was 
reduced from 45 Rockwell “C’” to 32-36 “C” 
and its manufacture was simplified and made less 
expensive without diminished efficiency nor 
durability of the shaft. 


always affected by the fact that one 
process is inherently lower in cost than 
another. For example, forming metal 
into a functional shape by means of dies 
is less expensive than by melting the 
metal and allowing it to flow into the 
desired shape in a mold which must be 
rebuilt for each individual piece. Thus 
the approach to the problem might be 
contained in the question, “How can 
this process be incorporated into a design 
to fulfill the required function in the 
product?” Because both engineering and 
processing people were represented on 
the Cost Reduction Committee, and be- 
cause the combination of design and 
processing were questioned, a number 
of such proposals resulted. 

Several covers and brackets, pre- 
viously cast or forged, were found to be 
more economical as stampings. In a 
number of cases, it was necessary to test 
transmissions having the proposed new 
parts to determine whether or not the 
lower cost design was acceptable. This 
was often expressed by the statement, 
“‘Let’s see how the transmission likes it!” 

Individual items on the engineering 
drawing were often found to have con- 
siderable effect on costs. For example, 
the output shaft (Fig. 2) was designed to 
be very hard (45 Rockwell ‘‘C’’). This 
confined the processing to the following 
sequence: (a) heat treat for machina- 
bility; (b) machine all over; (c) harden 
and draw; (d) straighten, and (e) grind. 

In addition to the considerable num- 
ber of times that the part was handled, 
it was found that many parts were being 
scrapped because the straightening opera- 
tion could not always be accomplished 
properly. Questioning the 45 Rockwell 
“C” hardness brought to light that this 
was considered necessary by the designer 
to obtain adequate fatigue life. Several 
shafts at 32 Rockwell “C”? were com- 
pared with standard shafts on fatigue 
tests. In every case the shafts of lower 
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Fig. 3—Two operations were found to do the 
work of four on this Model “V” Transmission 
case at a resulting saving of 51 per cent per unit, 
as pointed out in Table II. 


hardness were found to exceed the fatigue 
life of the hardened and ground shafts. 
The design specifications were changed 
to a hardness range of 32-36 Rockwell 
““C” which allowed the entire machining 
to be done with heat-treated raw 
material. This eliminated the straight- 
ening and grinding operations as well as 
the high scrap losses experienced with 
the original shaft. 

Of the 287 proposals on the 101 parts, 
61 per cent involved changes in product 
design or specification. 


Material 


A substantial portion of the finished- 
piece cost is represented by the cost of 
the raw material. Caution must be used 
in the analysis of raw material costs 
because of the relationship of the raw 
material properties to costs in other 
functional areas. It is possible that a 
decrease in raw material costs can pro- 
duce an increase in finished piece cost. 
Often it is possible to achieve the opposite 
effect where the finished-piece cost is 
lowered by allowing an increase in raw 
material costs and thereby reducing sub- 
sequent processing or tooling costs. In 
general, the material cost component is 
affected to a considerable degree by the 
selection of the material to be used and 
by the selection of the process by which 
the raw material is prepared prior to 
receipt in the plant. 

In the Model “V” cost reduction 
program, the use of bronze and brass 
construction on an oil inlet pump screen 
was questioned. It was found that the 
material selection had been influenced by 


a desire to avoid corrosion difficulties, 
and to effect ease of fabrication. Since 
the screen was submerged in oil, and 
since steel screens had successfully found 
many uses in automotive engines, a 
proposal was submitted for revision of 
material and minor elements of design. . 
Acceptance of the proposal was expedited | 
by Committee action and a significams } 
saving was realized. 

An example of the effect on-cost of the 
preparation of raw material was encoun- » 
tered in the case of the transmission’s | 
sump pan. The original design could be 
made only by casting in a sand mold. 
The Committee proposed that use of a 
permanent mold would result in a lower 
material cost per piece, and, in addition, 
less machining would be required on the 
casting produced by the process. Accord- 
ingly, engineering design modifications — 
were made to provide for the use of the 
lower-cost raw material. The necessary 
assignments to prepare for the modifica- 
tions were made by Committee action and | 
the proposal was subsequently accepted. © 

While proposals involving raw material 
costs totaled only ten per cent, as com- 
pared to 61 per cent involving product | 
design and specifications, the savings in 
material cost subsequently have proved | 
to be substantial. ) 


Tooling and Equipment 


Tools and equipment can be considered 
adjuncts to the processing of the part. | 
The vertical relationship in Table I between 
processing and tooling is similar to the | 
relationship between product design and 
processing in that the specification of the 
sequence of operations defines the char- 
acter of the tooling. 

In the handling of this relationship, 
the process sheet represents the process 
engineer’s best choice of a variety of 
means for obtaining the required end 
result. 

This choice is influenced by informa- 
tion available, personal experience, and 
apparently personal preference factors. 
The latter can assume great importance. 
Committee exploration of the relation- 
ship between processing and_ tooling 
brought to light new information, cor- 
related existing information, developed 
proposals for cost reduction, and resulted 
in scheduling the necessary action. 

Table II, discussed above as a general 
example of cost reduction, shows specifi- | 
cally how a saving was effected through | 
changes in tooling and equipment. In 


GENERAL MOTORS ENGINEERING JOURNAL | 


the Model “‘V,”’ a sequence of operations 
important for bevel gear alignment had 
been in effect on the precision machining 
of bores and their corresponding mount- 
ing faces in the main case (Fig. 3). The 
sequence was: (a) rough and semi-finish 
bores and faces in one axis; (b) rough and 
semi-finish bores and faces in second axis; 
(c) semi-finish and finish bores and faces 
in first axis; and (d) semi-finish and finish 
bores and faces in second axis. 

While these operations were not 
considered a problem, Manufacturing 
‘proposed to eliminate the semi-finish 
Operations and two operations were sub- 
stituted for the four, as follows: (a) rough 
and finish bores and faces on first axis, 
and (b) rough and finish bores and faces 
on second axis. 

Evaluation of this proposal indicated 
that the change would pay for itself 
within eight and one-half months and 
would free a 36-in. vertical turret lathe 
for other uses. 

Tooling and equipment proposals 
amounted to 24 per cent of the 287 
changes. 


Manpower and Motion 


The economic and effective use of 
human effort and time are in the province 
of the Methods Engineer. The analysis 
of the cycle times on various operations is 
often productive. Where the machining 
cycles cause operator waiting time, opera- 
tions can often be combined to effect 
labor savings. The elimination of hand 
work by mechanization can also be 
accomplished in many cases. 

In the Model “‘V”’ investigation, a 
situation was encountered where a cut- 
ting fluid had to be added to a precision 
boring operation to obtain a suitable 
surface finish. When this addition was 
originally made, the operator was pro- 
vided with a railroad type oil can (Fig. 
4). A revision of the machine to incor- 
porate a pump allowed the machine 
operator to do a hand drilling operation 
during the machine cycle. This had been 
done later in the sequence of operations. 

Of all the proposals, five per cent 
directly involved a reduction in man- 
power and motion. 


Interrelationship of Cost 
Reduction Factors 


Most of the examples used to illustrate 
savings in the four categories also indicate 
their interrelationship. A change in any 
one of these categories usually can be seen 
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to affect one or more of the others and 
this pattern prevailed in all the proposals. 

A change in design of the product to 
eliminate spot facing eliminates tools and 
equipment as well as reduces labor. 

A change in material can affect tools 
through increased tool life and reduce 
machine requirements, because of in- 
creased feeds and speeds. These have an 
effect on labor, both direct and indirect. 

Changes in tools and equipment for 
economic reasons can affect the tolerances 
which are specified on the engineering 
drawings, while maintaining an accept- 
able design. 

Changes in method of doing the job 
are reflected in the processing, tools, and 
equipment. Elimination of operations 
such as lock wiring cap screws is an 
example. 

The interrelationship of the factors 
underscores the advantages of a means for 
operating vertically through the various 
functions of an organization. 


Summary 


Reduction of manufacturing costs is a 
real problem in all phases of industrial 
management. 

Many variables which affect product 
costs are related to the organization 
structure. In conventional organizations 
they may be brought to light by analysis 
of the inter-functional relationships. 

The formation and operation of a Cost 
Reduction Committee to examine these 
interrelationships and to take proper 
action can result in substantial savings. 

A systematic approach should be made 
throughout: to determine where possi- 
bilities for improvement exist, to investi- 
gate the conditions surrounding the 
possibilities, to develop economical pro- 
posals for improvement, and to put the 
proposed improvements into effect. 

An application of knowledge and 
experience such as is represented in a 
Committee working within normal organ- 
izational structure assures successful prog- 
ress toward the objective of reduced 
product cost without sacrifice of quality. 


Fig. 4—The workman’s problem of supplying 
cutting fluid from a railroad type oil can was 
solved by addition of a pump to the machine. 
This change enabled machine operator to com- 
plete a hand drilling operation which previously 
had been done later in the manufacturing se- 
quence. Such small changes amounted in the 
aggregate to substantial savings. 
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a supervisor of design, which post 
he held until assuming his present posi- 
tion in January 1952. His current projects 
ire concerned with car heater and air 
conditioning design. 


e@ Edwin G. Sprung, Chevrolet Motor Divi- 
sion, Detroit, for a Brake Lever, No. 
2,638,017, issued May 712. This patent is 
directed to a detent mechanism for a 
foot-operated emergency brake lever used 
on Chevrolet trucks. The mechanism 
consists of an arcuate rod pivoted to the 
brake lever which passes through an eye 
in a detent lever which is universally 
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These patent descriptions are in- 


formative only and are not intended 
to define the coverage which is 
determined by the claims of each one. 


pivoted to provide for self-alignment be- 
tween the arcuate rod and the detent lever. 

Mr. Sprung is assistant chief engineer 
in charge of truck chassis engineering. He 
joined the Engineering Department 2 
designer in Februa 929 and advanced 
to project engineer in June 1933, division 
engineer in May 1943, assistant staff 
engineer (chassis) in December 1946, and 
to his present position in June 1952. He 
has been a member of the Society of 


friction-material pad whi 
wheel rim to damp the bra 


Mr. Bock has been G 
engineer since January 1947. 
Iowa State College majorir 
chanical engineering. In 192 
Cab, Yellow Coach, and Genera 


Bock was placed in charge of truck 
design and development. His technical 
affiliations include the S.A.E. and the 
Engineering Society of Detroit. Hé serves 
on the GM General Technical Committee 
and the S.A.E. Truck and Bus Technical 
Committee. 


Truck Company amalgamated\and Mr. © pressure; id , 


@ Eric S. Carlson, Fisher Body Division, 
Detroit, for an Ash Receiver with Mounting 
Plate, No. 2,639,055, issued May 19. This 
patent covers an ash receiver for attach 
ment to the rear portion of a seat back 
that has a concealed but readily detach- 
able connection to the seat back. 

Mr. Carlson was originally employed 
in 1928 by the Ternstedt Division as a 
designer on body ‘hardware. In July 
1945 he was transferred to the Engi- 
neering Department of Fisher Body to 
become a member of the Trim and 
Hardware Styling Section until his death 
in 1949. 
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@ Oliver K. Kelley, General Motors Engi- 
neering Staff, GM Technical Center, just north 
of Detroit, for a Fluid Control for Rotary 
Turbine Type Hydraulic Torque Converters, 
No. 2,638,746, issued May 19. The inven- 
tion pertains to the oil system supply for 
a fluid torque converter, particularly for 
controlled flow through a cooler LZ 
through the converter ng space, 
having a t atic valve as one of the 
flow regulator controls. 

Mr. Kelley is engineer-in-charge of 
transmission development at the GM 
Technical Center. He earned the B.S. 
degree from Chicago Technical College 


in 1925 _and he studied automotive 
engineerin g at Massachusetts Institute of 
Tec e logy G Z H S 


Orn) 


Nairmea 
~< we, 
a 


uipnie: 


Sead 
nittee of the S.A. : 
the 

dynamic Drive Nomenclature Commit 
of the S.A.E. 


ro] 
_& 

e Archie D. McDuffie and Warren H. 

Smith, Research Pra birai ales Detroit, 


2,638,781, issued May 19. This paten 
relates to dynamome or _ mean: 


an 


pressure, at the E 
torque. \ 

Mr. McDuffie is 2 \ 
ment of the E 
Automotive Engines \De 
began his GM ' ae 1, Se tem be 
at Cadillac M tor Car Di ision, Detroit, 
as a cooperative - engineering student 
from Genera ~ Motors, Institute. Upon 
being graduated’*in ‘product engineer- 
ing from GMI in 1934, he=joined the 
Research Laboratories Division. He is a 


e@ Carel F. Abresch, Frigidaire Division, 
Dayton, Ohio, for a Domestic Appliance, 
No. 2,639,600, issued May 26. This patent | 
for an automatic washing and extracting | 
machine describes a rotatably mounted 
washing container with a clothes squeez- _ 
ing diaphragm having as its salient fea- 


“\ture a liquid loop circuit with a jet pump 


onnected to the outlet of a centrifugal | 
ump. 

Mr. Abresch has been senior project 
engineer in Frigidaire’s Appliance Engi- 
neering Department since May 1948. He 
served in the Royal Netherlands Navy 


from August 1939 until January 1945 as 


and is a member of the Society of 
Architects and Marine Engineers. 


Bales, Delco-Remy Division, 
ndiana, for a Ventilating System 


e crank cases and ignition 
sed on vehicles which are 


fnderson, Indiana, for 


v1) 


r of the type which is adjust- 


member of the Society of Automotive itio : 
Engineers. “tile aomatal in accordance with 
Mr. Smith is supervisor of the design engine suction. This invention is basically 


group of the Mechanical Development 

: ent. He received the B. S. de- 
gree in mechanical engineering from 
Purdue University in 1928. His technical 
affiliations include membership in the 
Society of Automotive Engineers, the 
American Society of Mechanical Engi- 
neers, and the Engineering Society of 
Detroit. 


pa 


directed to the operation of a diaphragm 
device for yielding greater diaphragm 
movement upon decrease in engine suc- 
tion. 

Mr. Dyer is a research engineer at 
Delco-Remy. He attended both Purdue 
and Tri-State College and received the 
B. S. degree in electrical engineering in 
1941. He was employed by Delco-Remy 
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in June 1937 as a draftsman and was 
promoted, in October 1942, to special 
tester and, in February 1946, to research 
engineer. He served in the Navy from 
November 1942 until February 1946. 
Mr. Wilkins is experimental engineer 
at Delco-Remy. He was originally em- 
ployed by this Division in January 1926 
as a laboratory technician. Since then 
he has been promoted through the posi- 
tions of assistant supervisor and senior 
engineer. He earned the B.S.E.E. degre 
from Purdue University in 1924. H 
served in the Army from 1940 to 194 
and was separated with the rank of maj 


@ Millard E. Fry, Frigidaire Division, 
Dayton, Ohio, for a Broiler, No. 2,639,659, 


bossed upper ledges in its rear 
and the center portion of its fro 
A sheet metal grid is adapted ‘to rest 
alternately upon either the upper im 
lower set of ledges. 


present status. 


e Howard M. Geyer, Ae oproducts Bieta) 
itons of Allison Division, Dayton, Ohio, or a 
Fluid Pressure Actuator and Locking Mear 
Therefor, No. 2,643,64 
The patent relates to/ a fluid pressure 
operated, self-locking actuator. The ac- 
tuator includes a cylinder having dis- 
posed therein a piston capable of fluid 


pressure actuation in él 


device, and a nut which threadedly 
engages a screw shaft rotatably journaled 
within the cylinder. A dog tooth brake 
is provided for restraining rotation of the 
screw shaft and locking the actuator 
piston against movement. 


® Howard M. Geyer and Donald K. 
Ferris, Aeroproducts Operations of Allison 
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| dual-d: = 


: Frigidaire 
issued June 30. 


Division, Dayton, Ohio, for a Motor-Driven 
Actuator, No. 2,639,625, issued May 26. 
The patent relates to a motor-driven 
linear actuator. The actuator includes a 
motor-driven screw shaft threadedly en- 
gaging a slideably mounted but non- 
rotatable nut connected to a telescopic 
tu 
motion. 
e Howard M. Geyer and 0 — 
Bullock, Aeroproducts Operations of Allison 
Division, Dayton, Ohio, for an Actuator, No. 
2,642,752, issued June 23. This patent 
relates to an electric motor-driven linear 
actuator and covers a modification of the 
arrangement for obtaining linear move- 
ment shown in patent No. 2,639,625, 
Saas above. 

Mr. Geyer serves as chief research 


ember to transmit longitudinal 


Alabama in 1940. He joi 
products 
MSraftsmag. 


senior project enuiiees to his 3 
status. At, ea he is concer 


I cee ie et 
wee with Frigid- 
uch= ~ of his work at 
ted. to military: proj- 


attended Hobart. ( oy 
ber of the in 


engineer sInc 


é he-w 
years before enteri 1g military service for 
tool engineering. In 1946 he entered 
University of Cincinnati as ioe epee 


feo ‘Unbeninn \ 


led in. development | of ek ime 
~portable airport rat ei se and | i N hee les 
Austempering “he 


k has oe as project 

September 1951. In Jane £j: 
uary 1942,, he was transferred from: Te 
ivision to Aeroproducts* ). 
ed as a draftsman for two 


splined socket on the other. A rubber 
member is placed in stretched condition 
over the shaft as the shaft is inserted into 
the socket whereupon the rubber mem- 
ber is released to completely fill the space 
between the spline and its socket. 

Mr. Hartzell’s biography and photo- 
graph were previously published on page 
63 of the June-July 1953 issue of the 
GENERAL Motors ENGINEERING JOURNAL. 


@ James O. Helvern, Moraine Products 
Division, Dayton, Ohio, for a Brake, No. 
2,639,787, issued May 26. This patent 
relates to an improved /brake construc- 
tion whereby the diameter of the brake 
can be held to a minimum size. This is 
accomplished by util zing page els 


| Mr. Helvern seryes as senior layout 
a in Moraine’s Engineering Depart- 


t. He was initially employed by this 
Divisiy, draftsman in August 1938, 
and sy romoted to junior layout man 
in April 1940, and senior layout man in 


_ December 1940. He earned the B.A. 


degree from Wittenburg College in 1927. 
Two patents haye resulted from his work 
on automotive brakes and brake boosters. 


a 


puretor having a fuel supply 
pecific design for conveying 
e float chamber to the inlets 
ly fuel to the mixture passage. 
e is designed to prevent the 


se irregularity in fuel flow. 


war? an OC 
- —~-Mr. Olson has been chief engineer of 
four years in:the Navy, specializing ‘i in i ester Products since his employment 


er 1945. He attended the Lewis 
Institu e in Chicago. At present, he is 


of, Ye poncer ed principally with studies on 


: z ics ae in oe ineering, 
The piston includes a rod to any loa ter_obtaining BSME. » degre Soe in. i etion and fuel handling devices. 


1950, rejoined Aeroproducts. keg 
sing 


lis 


a member of the Carburetor 


‘Flanges Committee and the Standardi- 


el n Committee of the Society of Auto- 


e Herman L. Hartzell, Delco-Remy Div- 
ston, Anderson, Indiana, for a Method of 
Making a Shock Absorbing Connection, No. 
2,639,496, issued May 26. This method for 
making a shock absorbing connection 
between a drive shaft and a driven shaft 
comprises a spline on one shaft with a 


motive Engineers. 


@ Brooks H. Short and John W. Dyer, 
Delco-Remy Division, Anderson, Indiana, for 
an Engine Starting Apparatus with Generator 
Separately Excited During Starting, No. 
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Mr. Babitch was fuel pump engineer at 
AC Spark Plug Division. He had been 
an employe at AC Spark Plug for more 
than 25 years, and he was active in the 
initial development of the fuel pump and 
its subsequent improvements. 


These patent descriptions are in- 
formative only and are not intended 


to define the coverage which is 


determined by the claims of each one. 


2,640,163, issued May 26. This invention 
is directed to an electrical system for 
automotive vehicles including an engine 
driven shunt-field generator, a stora 
battery, a cut-out relay f enerator _ 
and battery, a‘Starting motor, and a 

number of manually operated switches 


e Floyd J. Boyer, ivision, Indi- 
Jae Indiana, for a Fuel System, No. 
issued June 2. This patent 
covers a feel supply system for aircraft 
gas turbines. The system has main and 
acne Ba Pypaps in series, the auxiliary 
1p normally being by- -passed so as to 
un vadied but being cut in upon 
failure of the pas mp by an automatic 
sprue in the by-pass. — 
oyer is group project ¢ 
in te propeller engine controls. 
received the B.S. degree in pea a 


engineeting from Georgia School, 
Techn oO ysin-1940 == mp Mea 


Mr. 
patent No. 2,640,11 
listed earlier in this 


aA 


Ne test engi per 


nea age xperimental ¢ 


project engineer i in coaigh co. 
ee his present Aa He i 


to provide a teaser gap spaced from the one 
other conductors. A metal body i Se.Robeng 
attached to the third electrode so that . ee 

ae " Spring-Biased: Line Termina 
issued June 2. This patent re 


had David Paul 
Beitr 


ton No. 2,637,204, issued 
listed earlier in this section. 


\ and la inals together. The con- 


Mr. Lautzenhiser is research engineer 


; iser 1 ngi -mector i Heh of insulating material and enginee 
at the Delco-Remy Division. He earned ene into which one line terminal 5 B. 


the B.S. degree in electrical eng pe a one lamp ‘terminal ere. inserted. 
from Tri-State College in 1940) The terminals are secured by special 


his employment by Delco- Rel spring Ae 
December 1940 as a — Mr Pale hs served since September. _ 
nician, he was promoted to special tester \ Be a ineer at Guide Lamp: 
in October 1942 and to research engi- He was ginally employed by GM in 
neer in August 1948. He served oe January 1927 by the Research Labora- 


Army from April 1944 until April RS _ tories, Detroit. He received a degree in 


iS Wisconsin 1916. He serves on im-- 
@ Abraham M. Babitch, AC Spark Plug Norge committees on vehicle lighting 
Division, Flint, Michigan, for a Fuel Pump, in the S.A .E., Automobile Manufac- 
No. 2,640,424, issued Fune 2. The invention _ _turers’ Sassociation, and the National 
relates to a fuel pump designed for Committee on Uniform Traffic Laws and 
variable stroke operation. A lost-motion Ordinances. 
connection is provided to give a variable 
stroke to the pump diaphragm, the 
length of stroke being determined by the 
pressure on the diaphragm. 

Until the time of his death in 1950, 


Mr. Clayton serves as junior designer 
in the Engineering Department at 
Anderson. Since joining the Division in 
October 1939 as a paint rack repairman, 
he also has served as model shop crib 
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sleet ca. on ector for connecting line 


_ electrical. sme ite from Veen Wk Ae the Experimental Engineering Depart- 
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attendant, apprentice model maker 
model maker, and draftsman. He became 
a junior designer in December 1951. 


e Hans O. Schjolin, GMC Truck & 
Coach Division, Pontiac, Michigan, for a 
Fluid Actuator Clutch Control, No. 2,640,368. 
issued June 2, The-invention relates to 2 
ecial torque converter clutch actuator 
echanism and its controls. The clute 
servo device is arranged to route the 
stream so as to prevent the sucking) 
in of outside air laden with dust. 

r. Schjolin has served as a new- 
development engineer in GMC’s Engi; 
neering Department since 1937. He was 
originally employed in October 1923 as 
a draftsman by Yellow Truck & Coac. 
Manufacturing Company, Chicago. Mr: 
Schjolin received the B.S. degree fro 
Karls University, Sweden, in 1920, 
and from Mitweida University, Germany 
in 1923. His work has resulted in severa 


@ John B. 


heatley, Arthur W. Gaubatz} 
and Charle 1 


C. Anderson, Allison Divi- 
olis, Indiana, for a Turbine o 


fac 
ie 


Division and. in aS 1 became assistant 
chief engineer, H a Fellow of the: 
re of f the Aeron utical Sciences. | 

Mr. ‘Gaubatz i is senior project engineer 

ent at Allison. He received the B.S. 
degree in 1920 from University of Wis- 
consin. He was originally employed i ! 
September 1928 at the Buick Moto - 
Division, Flint, Michigan, as a drafts- 
man in the Experimental Engineering? 
Department. He was transferred inp 
August 1940 to Allison. He is a member: 
of Pi Tau Sigma, and Tau Beta Pi. 

Mr. Anderson is superintendent of! 
model shop No. 2 at Allison. He was} 


originally employed by Allison in Octo- 
ber 1917 as an inspector. In January 1926 
he became shop foreman and in January 
1931 he was promoted to his present 
position. 


© James D. Leslie and Clyde H. Schamel, 
Fisher Body Division, Detroit, for a Door 
Lock, No. 2,641,495, issued June 9. Thi 
patent covers a door lock in which t 
pivoted bolt may be released by a 
relatively light pressure operating through 


University of Detroit in 1939, 
elected to Tau Beta Pi and 


signer in 1946, and assumed 
duties in 1947. 

Mr. Schamel is engineer-i 
the Experimental and 
Section. He earned the B 
electrical engineering fro 


neer on the B-29 progra 
general supervisor in 


moted to his present p 
of Automotive Engineers. 


@ Bailey Bennett and George H. Fad- 
den, Inland Manufacturt 
Ohio, for a Method k 

No. 2,643,233, issued June 23.°T 
is directed to a metho 
latex wherein contr 
latex prior to 
tained within a 
ployvalent zinc ions are inso 
permits the inclusion of the zinc oxide 
during compounding. 

Dr. McFadden has been employed 
since January 1944 by The Ohio 
State University Research Foundation 
as supervisor on a rubber project sup- 
ported by Inland. He received the B.S. 
degree in 1923 from Muskingum Col- 
lege, the B.S. degree in pharmacy from 
Ohio State University in 1926, and the 
M.S. and Ph.D. degrees from Ohio 


is paten 


cand 


of the pH of the 


ounding is main- 
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dl) “he anchorage consists of | jin 


‘of th 


vision, Dayton, 
aking Late Foam, if 
Hf aoe as a senior “ie 
f hia foamed % 


e eZ, until his retirement in April ge 49 he 


State in 1933 and 1937, respectively. 
Eleven patents in the field of rubber 
chemistry have resulted from his work. 

Mr. Bennett is no longer with the 
Inland-supported project at Ohio State. 


e Richard J. Brittain, Jr., Hyatt Bearings 
10n, patron, 2 Jersey, for a Rail- 
road Journa 2,643, ue issued 
June 23. This ae to anti- 
friction journal boxes for the axles 

railroad cars and is directed to a resilient 
end-thrust arrangement which engages 
the end of a car axle and absorbs sudden 
e . ue ben the railroad car nego- 


earings. 


Bearing Manula 
ittee which 


co cleat spring for motor 


clip men mbers encircling | 


sae on, Detroit, and from August 1945 


a Ga on the developn 
erves as assistant whic A version Oi 


rayatt Sosy s 
ed by this Division if = 
2 igner in the Equi 


the intermittent energization of an elec- 
tromagnet, and is sustained in oscillation 
by the intermittent energization thereof. 
The electromagnet also actuates a driv- 
ing armature which is operable to drive 
the clock gear train. 

Mr. Contant has served with Delco 
Appliance since February 1926, when 
he was originally employed as a blue- 
print room helper. Regular promotions 
within the Engineering Department led 
to* t classification as senior 
project engineer in~charge of the de- 
velopment and design of automotive 
clocks. His previous major project work 
ent of Delco-Heat 


which he joined in 1912 
ant He is currently 
elopment of automo- 


2 pers as 
goeed i in the de 


draftsman in 1936, and assistant to the 
chief engineer in 1942. Before joining 


served as assistant en ineér-in-« charge ef "I jland, he was employed at the Frigid- 
the Structure and | Suspe onion Delp “aire Division and its predecessor, Delco 


ment Section, Engineering Sta fe D): 


He earned the B.S. degree i in- Ronctee= 


in 1908 from University of London: 


@ Peter R. Contant and Raymond H. 
Sullivan, Delco Appliance Division, Rochester, 
New York, for an Electric Clock, No. 
2,642,714, issued June 23. ‘The patent 
relates to an electric clock for automo- 
biles in which a balance wheel controls 


etroit.: *> 


ight Company. 


@ Lawrence C. Dermond and Ellsworth 
A. Kehoe, Rochester Products Division, 
Rochester, New York, for a Starter Control 
System, No. 2,643,347, issued Fune 23. This 
patent is directed to a throttle-operated, 
starter control switch adapted to cause 
operation of the starting motor after the 
throttle makes a predetermined opening 
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movement. A latch prevents operation 
of the switch when the engine is running. 

Mr. Dermond has served since Novem- 
ber 1948 as senior research engineer in 
Rochester Products’ Engineering Depart- 
ment. He entered the General Motors 
organization in 1934 in the position of 
draftsman and layout with Delco-Remy. 
In October 1944, transferred to 
Rochester Products Division as senior 
engineer. His technical affiliations include 
membership in the Societ 
tive Engineers. 

Mr. Kehoe’s 
graph were prevl 
64 of the June-Jul 


he 


iography and photo- 
sly published on page 
issue of the GENERAL 


Grand Rapids, Michigan, for .a Curved 
Windshield and Wiper, No. 2,642,615, issued 
June 23. This patent is mee to the 


mechanism wherein the axis of the wiper 
drive shaft is positioned with relation to 
the windshield so that the wiper blade 
moves in a path having the least possible 
deviation from the curvature of ‘the 
windshield. 

Mr. Doss was recently 


windshield and the sift wipe 


the Fisher Body Engineering Depari- 


ment, Detroit. Mr. Doss joined General | 


Motors following his graduation from 
Cornell in 1930 with the M.E. degree. In 
S.A.E., he was recently chairman of 
Body Activity in the Detroit Section. 


@ Arthur J. Frei, Sr., Inland Manufactur- 
ing Division, Dayton, Ohio, for a Freezing 
Tray, No. 2,642,726, issued June 23. This 
patent covers a partitioned ice tray for 
use in refrigerators: wherein three rows 
of ice cubes may be frozen simultane- 
ously. Ejection of the cubes is obtain 
by manipulation of a handle whi 
moves the cube dividing walls relativ 
to the longitudinally extending walls fo 
breaking the cubes loose from the tray. 
@ Arthur J. Frei, Sr., Inland Manufactur- 
ing Division, Dayton, Ohio, for a Freezing 


Pan, No. 2,642,727, issued June 23. This ° 


patent is directed to a new style grid for 
dividing the frozen contents of the pan 
into individual cubes or blocks. The grid 
is formed of plastic wall members or 
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partitions wherein an ejecting handle is 
provided for moving the partitions for 
breaking loose the ice held within the 
grid and pan. 

Mr. Frei is Inland’s senior project 
engineer, a post which he has held since 
January 1945. He has been employed 
at this Division since December 1934 
when he began as a draftsman in the 


Engineeri artment. Two years 


_later he was advanced to designer and in 


1944 he was made project engineer. 


e Argyle G. Lautzenhiser, Delco-Remy 
Division; Anderson, Indiana, for an Ignition 
Timer, No. 2,643,304, issued June 23. This 
ignition timer or a 
2 peulatly¢ directed 

mea oa 


e John _T. Marvi turing 
Division, Dayton “Ohio, for a Mold for 
Foamed Latex, No 


642,624, issued F 
In this invention, the { 


the mol. 
characte teristic of of 


Articles formed 
of the interfittir 


if 


area throughou any. Cross section ta en 

through the article in a plane pefpen- 

dicular to't e major axis of the cores. 

\ Mr. Marvin has served since Septem- 
ber 1937 as patent attorney in the Dayto: 


office of the Patent Section located a 


Frigidaire. He handles patents from’) pT 
Pp 


Meee Ini and Manufacturing, and 
Morai Pro 


Gta 


fas Divisions. He earnéd. 


the B.S. degree from Case Institute-ae” 


Technology in 1929 and a degree in 
chemical engineering from the same 
school in 1935. Prior to joining GM, he, 


was chief engineer at Clevela Sut eae 


Company. 


- Rady, Delco-Remy Division, 
Anderson, Indiana, for a Starting and Gen- 
erating System, No. 2,643,346, issued June 23. 
This patent relates to a motor-generator 
system in which a dynamo electric 
machine can be employed as a motor to 
crank the engine for starting purposes or 
Can operate as a generator driven by the 


engine for charging a storage battery. 
The device is controlled by a series o 
manually positioned switches. 

Mr. Rady is staff engineer—product} 


at Delco-Remy. He was employed in) 
April 1920 by North East Electric,, 


Rochester, New York, predecessor 0 


Delco Appliance Division. In May 1933) 
e was transferred to Delco-Remy as} 
Senior engineer and in November 1945) 


© was promoted to his present position. 


le is currently concerned with carbon. 


pile regulator development. He earned 


the B.S.E.E. degree in 1916 from Uni-. 


versity of California. 


@ Edward J. Vosler, Moraine Products 
Division, Dayton, Ohio, for a Pressure Band 
for Brake Lines, No. 2,642,917, issued June 
23. This patent relates to the processing 
of brake 
ner of applying brake linings to the shoe. 
The fixture used in the processing applies 
a unifo 
the brake 
bonding of the lining to the shoe. 

Mr. Vosler has served as Moraine’s 
master mechanic since February 1943. 
He origin ally joined General Motors in 
é 1930.as a tool engineer at General 
o. From this Division he 
‘ ed to Delco Products and 
Delco Brake. After a six-month 
iod at Eastern Aircraft, he returned 


Michigan, for Electrical 
lates\ to a temperature- 


cluding bimetal . means, which varies 
et athe ei of tl nature with respect 
he coil so tha t the shorter the time 
tae bet ces energizations, the 
ce needed to attract 
rmature 

Mir. Church is research and experi- 
mental engineer at AC Spark Plug. He 
began at AC Spark Plug in August 1942 
as testing electrician in the Engineering 
Department. Prior to employment at 
General Motors, he was with the Sparks- 
Withington Company, Palmer Radio 
and Appliance Company, East Side 
Radio Company, and operated a self- 
owned radio and electrical service shop 

for four years. 
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shoes and particularly the man- | 


pressure over the surface of | 
lining for uniform cement 


t 


| 


2,038,496, issued Fune 30. | 


i electrical switching relay, — 


Recent Speaking Engag 
Filled by GM Engi 


During the summer months GM engineers 
have continued appearing before audiences 
and taking part in symposiums and round- 
table discussions. The following report 
covers the period from June 1 through 
August 15. 


General Motors personnel were very 
active in the General Motors Engineer- 
ing Educators Conference held in Detroit 
from July 7 to 21. On July 8, W. F. 
Andersen, director of the Budget and 
Procedures Section, spoke on the ‘‘Or- 
ganization of General Motors.” Other 
speakers during the morning included: 
E. L. Yates, of the Personnel Staff, who 
described ‘“Technical Personnel Activi- 
ties,’ and R. L. McWilliams, of the 
Educational Relations Section, who out- 
lined the ‘Educational Relations Pro- 
gram.” Four speakers on the afternoon 


program were members of the Research . 


Laboratories Division, Detroit. R. A. 
Richardson, head of the Administrative 
Engineering Department, described the 
‘Research Laboratories Division,” D. F. 
Caris, head of the Automotive Engine 
Department, spoke on “High Compres- 
sion Engine Development,’ W. A. 
Turunen, head of the Gas Turbine De- 
partment, outlined “‘Jet Engine Develop- 
ments,” and L. L. Withrow, head of the 
Fuels and Lubricants Department, re- 
ported on “Combustion and Lubrication 
Problems in Automotive Engines.’ The 
final speaker, G. T. Christiansen, admin- 
istrative assistant in the GM Styling 
Section, spoke on the “Organization and 
Function of GM Styling Section.” 


On July 9, L. A. Walsh, manager of 
Engineering Staff Activities, described 
“GM Engineering Staff Operations.” 
“Engineering a New Model Car’ was 
outlined by G. R. Delaney, chief engi- 
neer at the Pontiac Motor Division. 
Charles A. Chayne, Vice President in 
Charge of Engineering Staff, explained 
“The Influence of Products and Markets 
on Product Engineering.” 


The July 10 morning speakers in- 
cluded: John J. Cronin, Vice President 
in Charge of Manufacturing Staff, who 
spoke on “GM Manufacturing Staff 
Activities” and ‘“‘The Influence of Prod- 
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ucts and Markets on Production Engi- 
neering; E. T. Ragsdale, works mana- 
ger at the Buick Motor Division, who 
described “‘Production Tooling of a New 
Car Model,”* and R. J. Emmert, Execu- 
tive in Charge of Facilities and Processes 
Staff, who spoke on “Staying in Produc- 
tion in a Competitive Market.’ During 
the afternoon inspection-trip to the 
Process Development Section, located 
at the Detroit Cadillac plant, Glen 
Fitzgerald, director of the Process De- 
velopment Section, described the “Or- 
ganization and Function of the Process 
Development Section.” 


H. H. Barnes, director of the GM 
Proving Ground, Milford, Michigan, 
spoke on July 11. His topic was ‘“‘The 
Organization and Function of the GM 
Proving Ground.” 


A trip to the General Motors Insti- 
tute, Flint, Michigan, was on the agenda 
for July 18. Members of the Institute 
who made presentations were: Guy R. 
Cowing, who described the “Organiza- 
tion and Function of General Motors 
Institute,’ Harold Dent, who outlined 
the “‘Cooperative Engineering Program,” 
Charles Tutt, who spoke on the “‘Fifth- 
Year Thesis Program,” and Charles 
Sahrbeck, who reported on “‘Educational 
Program Development.” 


On August 11, Arthur Bender, quality 
engineer at Delco-Remy Division, Ander- 
son, Indiana, spoke on “Statistical Qual- 
ity Control’’ at the University of Michi- 


*The paper beginning on page 26 is Mr. Ragsdale’s adapta- 
tion of his talk for the GENERAL Morors ENGINEER- 
ING JOURNAL. 
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gan during the meeting of the Institute 
for Mathematics Teachers. 


“Cooperative Education in Industry” 
was the title of a talk given in Washing- 
ton, D. C., at the convention of the 
National Catholic Business Educational 
Association on June 21. The speaker was 
Harold M. Benson, chairman of the 
Business and Economics Department at 
the General Motors Institute, Flint, 
Michigan. 


C. A. Brown, chairman of the English 
and Psychology Department at General 
Motors Institute, spoke before a joint 
meeting of the American Society for 
Engineering Education and the College 
English Association held at the Uni- 
versity of Florida. The talk, given on 
June 25, was entitled “Engineering 
Education and the Liberal Arts.” 


On June 30, at the semi-annual meet- 
ing of the American Society of Me- 
chanical Engineers, held in Los Angeles, 
L. C. Lander, Jr., chairman of the 
Industrial Engineering Department at 
the GM Institute, outlined “An Engi- 
neering Approach to Methods Improve- 
ment and Planning.” 


The University of Michigan graduate 
speech students, on July 13, heard 
Robert M. Carter, instructor in the 
English Department at the GM Insti- 
tute, discuss ““Speech Training for Engi- 
neers at GMI.” 


On June 8, David C. Apps, head of the 
Noise and Vibration Department at the 
GM Proving Ground, Milford, Michi- 
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gan, was on the S.A.E. Summer Meeting 
Round-table: ‘‘Noise Measuring Instru- 
ments—Haves and Have-nots.” 


Theodore Jagen, senior engineer in the 
Mechanical Development Group of the 
Hyatt Bearings Division, was a panel 
member on June 18 at the Basic Materials 
Conference held in New York City. Mr. 
Jagen’s topic was “‘Development of Co- 
operation in the Selection of Materials.” 


The 150 high school mathematics 
teachers who attended the Mathematics 
Institute at the University of Virginia 
from July 27 to August 7 heard Mario 
Parran, quality control supervisor at the 
Clark Township Plant of the Hyatt 
Bearings Division, discuss the courses in 
mathematics necessary to enter the field 
of quality control. Mr. Parran’s talk was 
entitled ‘Mathematics Necessary for 
Quality Control in Mass Production.” 


On July 21, John W. Leggat, assistant 
chassis engineer at the Pontiac Motor 
Division, appeared before the GMI 
senior engineering class in Flint with the 
topic “Steering and Handling of the 
Automobile.” 


During Northwestern University’s 
Lubrication Engineers Short Course, 
Joseph Bidwell, assistant head of the 
Mechanical Development Department, 
Research Laboratories Division, delivered 
a lecture on June 17 entitled “Bearing 
Materials as Influenced by Dynamic 
Loading Conditions.”” On June 23, in 
the same series, Arvid Roach, supervisor 
of Bearing Development, talked on “‘Per- 
formance and Durability of Oil Film 
Bearings Under Operating Conditions.” 


In Atlantic City, William Grube, su- 
pervisor of the Physics of Solids, and 
Stanley Rouze, research physicist of the 
Physics Instrumentation Department, 
Research Laboratories Division, discussed 
“Specimen Polishing Techniques for 
Electron Metallography of Steel’’ at the 
June 30 meeting of the American Society 
for Testing Materials. 


“The Engineer, a Trail Blazer” was 
the title of the talk given by T. A. Boyd, 
Research Laboratories consultant, at the 
June 20 meeting of the National Society 
of Professional Engineers in Daytona 
Beach, Florida. 


58 


Roger Saur, senior physicist in the 
Physics Instrumentation Department, 
Research Laboratories, presented a talk, 
“Chemistry and Physics of Paint Chalk- 
ing,” before the Research Directors 
Council on June 17 in the GM Building. 


At the July 15 University of Illinois 
conference of the Institute of Boiler and 
Radiator Manufacturers, Kenneth Robin- 
son, industrial ventilation engineer, de- 
livered a talk on the “Heating and 
Tempering of Supply Air for Industrial 
Buildings.” 


In Atlantic City, Harry 
technical director of the Research Labo- 
ratories Division, gave a paper on “En- 
gine Wear as Affected by Lubricant 
Composition” at the July 1 meeting of 
the American Society for Testing Mate- 
rials. 


Mougey, 


Six of the Research Laboratories Divi- 
sion personnel spoke at the Society of 
Automotive Engineers Summer Meeting 
in Atlantic City. Albin Burkman, super- 
visor in charge of Brakes and Clutches, 
on June 9, described ‘Prospects for 
Better Passenger Car Brakes.” Fred 
Bowditch, senior research engineer in 
the Fuels and Lubricants Department, 
presented a paper by R. F. Winch 
entitled, ‘“The Occurence of Pre-ignition 
in Present Day Cars in Normal Service,” 
on June 10. James Landis, research 
chemist in the Fuels and Lubricants 
Department, and Robert Williams, assist- 
ant head of the Fuels and Lubricants 
Department, joined in the presentation, 
on June 10, of the paper “‘Some Effects 
of Fuels and Lubricants on Auto-igni- 
tion in Cars on the Road.” James Landis, 
on June 11, presented a prepared dis- 
cussion, written by John Campbell, 
Research Laboratories Division, of a 
paper entitled “Fuels and Fuel Systems 
—A Petroleum Viewpoint” by T. W. 
Wegatski, O.C. Bridgeman, E.W. Aldrich, 
and R. Rhode. Harry Mougey, techni- 
cal director, took part ina Symposium on 
Arctic Oils on June 12. The topic of his 
talk was “‘Crankcase Oils for Use Under 
Arctic Temperature.” 


Phil Worden, process engineer at the 
Rochester Products Division, spoke be- 
fore the American Welding Society on 
June 9 in Rochester, New York. The 
topic of his talk was “Resistance Weld- 


ing as Applied to the Manufacture of 
Steel Tubing.” 


Engineering Educator 
Guests Take a Look 


at General Motors 


TWO-WEEK conference to acquaint 
A engineering educators with the 
product and production programs of 
General Motors Corporation was con- 
ducted in Detroit beginning July 7. 

Known as the Engineering Educators 
Conference, it was the second of its 
kind held by GM. Twenty-six engineer- 
ing professors and department heads 
attended as representatives of colleges 
in Canada and in nearly all sections of 
the United States. 

Charles A. Chayne, Vice President in 
Charge of Engineering Staff, and John 
J. Cronin, Vice President in Charge of 
Manufacturing Staff, were conference 
chairmen and hosts to the educators. A 
major phase of General Motors educa- 
tional relations program headed by 
Kenneth A. Meade, this conference is 
regarded as particularly important in 
view of the great opportunities now 
existing for young engineers. 

The first three days of the conference 
were devoted to meetings with GM divi- 
sional and staff executives who gave 
illustrated talks describing company poli- | 
cies and operations. | 

Typical subjects discussed were: organ- 
ization of General Motors, technical 
personnel activities, engineering a new 
model car, and production tooling of a 
new car model. Inspection trips in the 
Detroit area included the Research 
Laboratories, Process Development Sec- 
tion, Styling Section, Technical Center, 
Proving Ground, and General Motors 
Institute, in Flint. Some of the papers 
presented at the conference have been 
scheduled for publication in the JournaL 
in this and succeeding issues. 

The educators, after acquiring this 
overall view of General Motors, then 
scattered to various parts of the country 
on individual assignments to one of the 
GM manufacturing Divisions. In each 
case, the educator was afforded the 
opportunity to talk with the general 
manager, the engineers, the shop people, 
and many others. It was a real look at 
how a Division operates. | 

Returning to Detroit, the educators 
analyzed their observations in a final 
session with their GM conference hosts. 
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Shift-Rod Problem Solution 


By GARRETT LOODE 
Staff, 


General Motors Institute 


Fundamental techniques taught in the nation’s engineering classrooms find daily applica- 
tion in the laboratories. Some of the applications are complex and some are simple. For 
the problem presented on page 60 of the June-July JOURNAL, the application was less 


than complex. 


A GRAPHICAL solution of the shift-rod 
problem presented requires first the 
obtaining of a true view of both the 
3.00-inch radii. To obtain these true 
views, one must work with the knowledge 
that two intersecting lines determine a 
plane. Lines 3-4 and 4-5 of Fig. 1 de- 
termine one plane and line 4-5 and 5-6 
determine the other plane. Point 3 is 
where line 3-4 is tangent to the 1.50-inch 
radius. An edge view of each of these 
planes is produced and a projection per- 
pendicular to these edge views reveals 
the true views of the planes in question. 

The edge view is obtained by using 
the direction of projection along some 
line parallel to one of the principal 
planes of projection where it appears as 
its true length. 

The edge view of plane 3-4-5 is pro- 
jected along the direction of line 3-4 as it 
is parallel to the horizontal plane of 


Fig. 1—Graphical solution to shift-rod problem 
yields answer of 18.415 inches. 
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projection. Therefore, away from the 
top view projecting along line 3-4, the 
edge view is set up by W. L. B with the 
distances being obtained from W. L. A. 
(W. L. means work line, also called a 
reference line or datum plane.) By projecting 
perpendicular to this edge view, the 
true view of the plane is obtained at 
W. L. D, with the distances for this view 
being taken from W.L. C. | 

In obtaining the edge view of the 
other plane 4-5-6, a line 47 is placed in 
the figure parallel to the horizontal plane 
of projection which governs the direction 
in which this view is projected. Thus, 
using 4-7 in the top view as the direction 
of projection, the edge view is produced 
at W.L. F with the distances taken from 
W.L. £E for this view. Projecting per- 
pendicular to the edge view 4’-5’-6’ the 
true view at W.L. H is obtained with 
distances coming from W.L. G. With 
these true views, the 3.00-inch radii can 
now be placed in the picture and be 


Classroom graphical 


method solves 


typical problem 


traced back into the original views. 

The true length of this rod can now 
be laid out along some base line. Start- 
ing at point 7, find the distance 7-2 
and the arc distance along the 1.50-inch 
radius from point 2 to point 3. From 
point 3 move to point W where the 
curve is tangent to line 3-4; then the 
arc distance on the curve from W to X 
is taken. Continuing from point X, move 
along to point Y, and from Y the arc 
distance from Y to < is obtained. The 
true length is completed with the dis- 
tance from point < to point 6. 

The developed length of such a part 
is dependent upon the relative amount 
of stretch and compression in the outer 
and inner fibers as well as the manner 
in which the bend is formed. Not know- 
ing the forming procedure, a close ap- 
proximation of the developed length may 
be obtained by working with the center 
line. Following this method, the true 
length of the rod is 18.415 inches, 
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A Method for Determining the 
Center of Gravity and Moment of 
Inertia of an Automobile 


(Second Problem of a Series) 


Nature, too, has established traffic and safety norms. Some, like centrifugal force, 
friction, gravity, and force of impact seriously affect driving. A major responsibility of 
automotive testing is to aid in the production of safe, dependable vehicles that will 
assist the driver in modifying nature’s forces. Since the height of the center of gravity 
and the moment of inertia of an automobile affect safe driving, engineers and mathema- 
ticians at the GM Proving Ground at Milford, Michigan, developed a method for 
finding these two factors by utilizing two specially constructed automobile swings. 
Using the data given in the text, compute the height of the center of gravity and the 


moment of inertia of the test car. 


oTH the height of the center of gravity 
(that point at which the total 
weight of the object seems to be concen- 
trated) and the moment of inertia (the 
inertial property of an object with respect 
to rotatory motion) of an automobile 
affect driving and vehicle control. The 
lower the center of gravity, the less the 
chance exists of the automobile turning 
over when going around a curve. In 
addition, low center of gravity means 
less sway when the automobile is turn- 
ing curves. 

Inertia is the Newtonian property of 
all objects that causes them to resist 
any change in speed or direction of 
travel. When a car rounds a curve, its 


Fig. 1—Two automobile swings of unequal length 
constructed at the GM Proving Ground and used 
in tests to determine the height of the center of 
gravity and the moment of inertia of passenger cars. 
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inertia attempts to keep the vehicle in a 
straight line, and if the friction between 
the tires and the road do not counteract 
this tendency, the car’s inertia will cause 
it to skid, 


Finding Center of Gravity Height 
and Moment of Inertia 


To study the riding qualities of passen- 
ger cars it is necessary to determine 
accurately both the height of the center 
of gravity and the moment of inertia. 
The equations from an undamped com- 
pound (physical) gravity pendulum, 
swinging through a small arc in a 
vacuum, include both of these required 
determinations. The other values in the 
equations are constants or can be meas- 
ured. 

Realizing that a single equation cannot 
be solved for two unknown values, W. 
Howard Sprenkle, an engineer at the 
General Motors Proving Ground, Mil- 
ford, from 1933 to 1938, proposed and 
developed a system of using two auto- 
mobile swings of unequal lengths to 
obtain simultaneous equations. The ex- 
pressions for the angular moment of 
inertia of the test car about its own 
center of gravity on the short swing and 
on the long swing can be equated. The 
resulting equation can be solved for an 
expression of the height of the center of 
gravity of the car. After the known 
values and test data have been substituted 
in this formula and the value of the height 
of center of gravity is found, this value 
can be substituted in the original equa- 
tion for each swing to find the automo- 
bile’s moment of inertia. While the 


By REO S. BRINK 
GM Proving 
Milford, Mi 


ound, 


Safetyf- determining 


twoffactors which 


equality of these values can be used to 
check the accuracy of the test data and 
the computations, it cannot be used to 
check the equations themselves. 


Automobile Swings 


Fig. 1 shows the two automobile 


swings of unequal lengths that were > 


constructed for testing. The instrument 
on the floor near the rear wheel of the 
automobile contains a light source and 
a photoelectric cell. The edge of the 


plate attached to the swing oscillates | 
between the light and the photo-cell. | 


The resultant signal operates the record- 
ing chronograph in the cabinet ahead 
of the car, measuring and recording the 
time intervals between oscillations to the 
nearest 0.01 second. By averaging 600 
or more oscillations, the period or time 
required for one complete cycle is obtained 
to the nearest 0.0002 second. 
Experimentation has shown that the 
pendulum oscillates more than 600 times 
in an arc less than two degrees, making 


the effect of the amplitude negligible. | 


The damping is less than 0.002 per cent 
and also can be neglected. But, due to 


the weight of the air displaced by and | 


contained in the automobile, the error 
in the height of the center of gravity of 
the car varies from 0.75 to 1 in. and can- 


not be neglected. As it is not practical | 
to operate a swing carrying an automo- | 
bile in a vacuum, it is necessary that the | 
equations be revised to account for the | 


weight of the air displaced and entrapped 
by the automobile. 


Displaced and Trapped Air 


The true mass of the automobile is | 


equal to its weight observed in air plus 


the weight of the air it displaces. Also | 
considered as part of the swung mass is | 


the entrapped air moving with the 
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swinging automobile. This total of car 
weight plus air weight should be included 
in factors involving the moment of 
inertia of the pendulum, although the 
external forces exerted upon the car by 
gravity are influenced by the automo- 
bile’s observed weight alone. 

Two published reports on the deter- 
mination of the moments of inertia of 
airplanes assisted in the development of 
the required equations. One is by S. B. 
Gates in the Technical Report of the 
Aeronautical Research Committee of Great 
Britain, 1931-32. The second is by Harley 
A. Soulé and Marvel P. Miller in Report 
No. 467 of 1933, published by the National 
Advisory Committee for Aeronautics (of 
U.S.A.). Both of these reports discuss 
the effect of air on an airplane swung in 
air and present practical solutions. The 
latter report treats the effect of air in 
three parts: displaced air, contained air, 
and the additional mass effect. This last 
factor, depending on the outer dimen- 
sions of the airplane and accounting 
for the air along its surface which is 
oscillated with the air plane, is negligible 
on an automobile and can be omitted 
from the equations. 

After the equations evolved for the 
problem have been modified for the 
effect of air, the height of the center of 
gravity of a car can be determined to 
within a satisfactory 0.25 in. In practice, 
the moments of inertia, as determined 
by the formula for each swing, have 
checked each other within 0.05 per cent. 
The average of the two results is used. 

All of the values required to find the 
height of the center of gravity of a par- 
ticular car in the Proving Ground swings 
are given in Table I and illustrated in 
Fig. 2. The subscript s denotes the short 
swing, subscript / refers to the long 
swing, and subscript ¢ refers to the car. 


Problem 


Set up the proper equations and, with 
the values given in Table I, find the 
height H of the center of gravity of the 
test car, and the moment of inertia J of 
the car about this center of gravity 
expressed in lb-ft squared. To obtain 
results within the desired limits, the com- 
putations must be carried out to a higher 
degree of accuracy than provided for by 
ordinary slide rule methods. 

The solution of the problem will be 
presented in the next issue of the JOURNAL. 
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KNIFE EDGE 


LOCATION OF 
CENTERS OF GRAVITY 


Rigg? = Diagram of the short automobile swing. The subscript s denotes the short swing. H represents the 
height of the car’s center of gravity, Lc represents the length from the knife edge to the automobile’s 
center of gravity, Bs represents the distance from the knife edge to the floor of the swing, Ls represents the 
distance from the knife edge to the center of gravity of the swing. 


Cor Data 
dest Weight ot © gi 
Car—lb oe hes 4172 ae 


Overall Volume 
of Car—cu ft =V = 


297 Knife Edge to F oor of of ou 


Periods of Oscillation—Seconds _ Swing—ft 
_ Short Swing Long Swing ae 
Swing Alone : ce 
oe Knife Edge to Center of 


7 23.5639 - = 4.5202 
With Car in Place 


. Gravity—ft 
oo lies i 3782 ; ae 


=7.40 2 vens7 : 


- Conditions at Test Sie 


Acceleration 
due to gravity— __ 
ft/sec? = aie 32.1614 
- Average 
density of air— 
Ib/ft? =p =0.072 


Table 1—Observed and calculated values for test car used in solving for the center-of-gravity height and 
the moment of inertia. 
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Contributors to 
Sept.-Oct. 1953 


Issue of 


GENERAL MOTORS 


KENNETH B. 
BLY, 


contributor of “Use of 
Foam Plaster Process 
for Making Aluminum 
Alloy Torque Converter 
Castings,” has served 
since October 1951 as 
engineer in charge of 
light alloy development 
with Fabricast Division, 
Bedford, Indiana. His major interests 
are development of processes, such as 
that described in his current paper, and 
adaptation of existing processes to new 
types of light alloy cast products. 

Mr. Bly joined the Division in Novem- 
ber 1948 as a supervisor of engineering 
planning, engaged largely in pre-produc- 
tion planning of pattern equipment for 
making aluminum castings. Before join- 
ing General Motors, he served two years 
as foundry manager for an Independence, 
Missouri, casting company and six years 
with Aluminum Company of America, 
successively in Detroit, Kansas City, and 
Cleveland. He began with Alcoa as a 
metallographer and ultimately became 
assistant to the chief metallurgist at the 
Kansas City Plant. Serving in the same 
capacity at Cleveland, his work included 
the making of permanent mold auto- 
motive piston castings. 

Mr. Bly earned the metallurgical en- 
gineering degree from the School of 
Mines and Metallurgy Division of Uni- 
versity of Missouri, in 1940. In 1945 he 
served as vice-chairman of the Kansas 
City Chapter, American Society for 
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Metals. He also is a member of the 
American Foundrymen’s Society and 
serves on the A.F.S. shell molding and 
centrifugal casting committees. 


EUGENE F. 
COLDITZ, 
contributor of ‘“‘Raising 
the Limits for Thrust 
Measurement in Jet 
Engine Testing,” has 
served since December 
1951 as an experimental 
engineer in the Jet En- 
gine Facility Group of 
Allison Division, Indi- 
anapolis. His current major work involves 
editing, writing, and publishing test 
equipment installation manuals, but he 
continues to spend considerable time on 
the design of equipment. 

Mr. Colditz joined Allison in Decem- 
ber 1948 as a laboratory technician in 
the Test Operations Group. He con- 
tributed to the design of the equipment 
described in his current manuscript and 
also worked on the design of equipment 
for measurement of airflow and aircraft 
engine fuel consumption. He also was 
associated with the testing of anti-icing 
systems for engines, part of his work 
being done in New Hampshire. 

Indiana Technical College granted 
Mr. Colditz the B.S. degree in aero- 
nautical engineering in 1948. Now a 
second lieutenant in the Air Force Re- 
serve, he enlisted under the cadet train- 
ing program in October 1943 and earned 
his wings and commission before com- 
pleting active duty in 1946. He is a 
member of the Institute of the Aero- 
nautical Sciences. 


ROBERT R. 
DOHRMANN, 


contributor of ‘“‘Making 
Castings by Shell Mold 
and Investment Proc- 
esses,” has served since 
May 1953 as general 
foreman of heavy alloy 
inspection at Fabricast 
Division, Bedford, In- 
diana. He joined Fabri- 
cast as a project engineer in January 
1951. Mr. Dohrmann earned the B.S. 
degree in metallurgical engineering in 
1943 at Purdue University, where he 
was elected to Sigma Xi, honorary 
research fraternity. 

His present duties as general foreman 


of inspection involve Zyglo, X-ray, visual, 
and gauge inspections of the heat resistant 
alloys used in turbine blades, vanes, and 
other turbine components. Mr. Dohrmann 
also conducts periodic customer contacts 
for quality control surveys. 

Mr. Dohrmann aided in Fabricast’s 
original development of the investment 
casting process and later worked with 
the shell mold process—the fields covered 
in his current manuscript. Earlier, he 
was heat-treat metallurgist in the pro- 
duction of precision aircraft gears and 
cams at the Indiana Gear Works. 

From March 1944 to June 1946, Mr. 
Dohrmann served in the Navy, prin- 
cipally as an electronics officer assigned 
to radar maintenance. He was separated 
with the rank of lieutenant, junior grade. 

Mr. Dohrmann is affiliated with the 
Society of Automotive Engineers and 
currently serves on the S.A.E. Shell 
Molding Committee. 


ROBERT E. 
FOWLER, 


contributor of ‘Notes 
About Inventions and 
Inventors’’ for this 
issue, has served since 
April 1934 in the Patent 
Section of the Central 
Office Staff, Detroit. As 
a patent attorney he 
shares the Section’s re- 
sponsibility for providing patent protec- 
tion for the novel apparatuses and proc- 
esses of General Motors employes every- 
where, for advising engineering organi- 
zations against unintentional infringe- 
ments of the patents of others, and for 
negotiating royalty arrangements with 
non-GM companies. 

Mr. Fowler’s patent work has been 
principally in the electrical field. In his 
early GM years he surveyed the patent 
structure and did development work in 
the space heating electrical control field 
for Delco Appliance Division. This and 
other laboratory work has resulted in 
four patents. In recent years he has 
devoted major attention to patents affect- 
ing automotive lighting controls and 
automatic features of automotive radios. 

At Cornell University, Mr. Fowler was 
elected to Eta Kappa Nu and earned the 
electrical engineering degree in 1926. He 
then was an engineer for short times in 
two industrial laboratories and from 
August 1928 until joining General 
Motors, he was an examiner in the U. S. 


GENERAL MOTORS ENGINEERING JOURNAL 


Patent Office. His work centered around 
patent investigations on sound recording, 
acoustics, and automatic train controls. 
During this period he earned the L.L.B. 
degree from George Washington Uni- 
versity, in 1932, and was admitted to the 
District of Columbia bar. 


HAROLD E. 
FOX, 


co-contributor of “Air 
Suspension Ride: How 
Engineers Gave Resil- 
ience to a Compressed 
Air System with Rubber 
Bellows,” is develop- 
ment engineer at GMC 
Truck and Coach Divi- 

sion, Pontiac, Michigan. 
He conde Carnegie Institute of Tech- 
nology for both undergraduate and post 
graduate work. 

Mr. Fox began his career with General 
Motors in December 1934 as a project 
engineer in the Engineering Department 
of GMC Truck and Coach Division. In 
October 1943 he advanced to senior 
engineer. In September 1945 he was 
promoted to section head engineer, and 
attained his present position, develop- 
ment engineer, in January 1947. Before 
employment at General Motors, Mr. 
Fox was executive engineer at General 
Aviation (now North American Aviation, 
Incorporated), and director of research 
at the Syntron Company. 

His past projects in coach structural 
design, air conditioning, air suspension 
systems, and transmission development 
have resulted in 15 patents and 10 pub- 
lished papers in the fields of electrical, 
and automotive com- 


aeronautical, 
ponents. 

Mr. Fox is a member of Alpha Tau 
honorary society, the Society of Experi- 
mental Stress Analysis, the Society of 
Automotive Engineers, and the S.A.E. 
Committee on Ride Research. 


BAIN 
GRIFFITH, 


contributor of ‘‘Gear 
Wheels and Applied 
Mathematics,’’ was 
appointed in June 1952 
as assistant staff engi- 
neer in Chevrolet Motor 
Division’s Research and 
Development Section. 

He started with Chev- 
rolet Division as a draftsman in August 
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1933 and in 1937 undertook a special 
assignment which lead to gear design 
research. He has become particularly 
recognized in this field. His gear work 
included the study and development of 
hypoid gear formulae and designs which 
have lead to the modern line of produc- 
tion rear axles. He once developed a 
process by which available gear cutting 
equipment was used to speed production 
of universal joints for military applica- 
tions. 

Three of Mr. Griffith’s developments 
on military and passenger car rear axles 
have been patented. He has lectured 
before the American Society for Metals 
on hypoid gear design and production 
and has appeared several times on gear 
panels of the Society of Automotive 
Engineers, of which he is a member. His 
current paper was adapted from a lecture 
given at the Summer Mathematics Insti- 
tute of Duke University. Mr. Griffith also 
has contributed to periodicals in the 
automotive field and now represents GM 
in the American Gear Manufacturers 
Association. 

During World War II, he served as an 
assistant plant resident engineer and in 
early 1945 worked on jet engine develop- 
ment at Chevrolet's Tonawanda, New 
York, Plant. That year he became resi- 
dent engineer in Chevrolet’s Detroit Gear 
and Axle Plant, remaining there until 
assuming his present duties. 

Before joining Chevrolet, Mr. Griffith 
had eight years’ experience in civil engi- 
neering, which he studied at University 
of Pennsylvania. 


DONALD J. 
LA BELLE, 


co-contributor of ‘Air 
Suspension Ride: How 
Engineers Gave Resil- 
ience to a Compressed 
Air System with Rubber 
Bellows,’’ serves as 
senior project engineer 
in the Engineering 
: oe Department of GMC 
Truck and Coach Division, Pontiac, 
Michigan. 

Mr. LaBelle received the bachelor’s 
degree in mechanical engineering from 
University of Detroit in 1939, and has 
devoted his entire engineering career to 
General Motors. He began in May 1939 
as a junior engineer and in 1943 became 
a stress analyst. His promotion to project 
engineer came in 1946, shortly after he 


returned from service with the Navy. In 
27 months of service he attained the rank 
of lieutenant, junior grade. 

Besides his contributions to the present 
air suspension system, Mr. LaBelle has 
worked on structural body and chassis 
design and on the development of many 
military vehicles. His current work is on a 
development not yet publicly announced. 

Mr. LaBelle is a member of the Society 
of Automotive Engineers. 


GARRETT 
LOODE, 


who prepared “‘A Typ- 
ical Problem in Auto- 
motive Design’’ for the 
June-July GENERAL 
Morors ENGINEERING 
JouRNAL and its solu- 
tion for this issue, is a 
senior mechanical engi- 
neering instructor at 
General Motors Institute, Flint, Michi- 
gan. Since joining the GMI staff in 
September 1941, his classes have included 
advanced projection and body drawing 
courses, kinematics, and gear design. 

Mr. Loode received the A.B. degree in 
mathematics from Western Michigan 
College of Education in 1940 and a 
master’s degree in industrial education in 
1953 from Wayne University. His work 
at Wayne University as a commuting 
night student was completed over a five- 
year period. 

From December 1942 to January 1946 
he served in the U.S. Navy, attaining the 
rank of lieutenant. While in the Navy, 
Mr. Loode served mainly as a ship’s 
engineering officer and in industrial 
relations capacities. 

Prior to joining the GMI staff, Mr. 
Loode served briefly in technical capa- 
cities with Silvercote Products Company, 
Kalamazoo Stove and Furnace Com- 
pany, and the U.S. Steel Products 
Company. He also taught for one year 
in public schools in Scotts, Michigan, 
serving as principal and as acting 
superintendent. 

He is a member of the American 
Society for Engineering Education and, 
while at Wayne, was elected to Phi Delta 
Kappa graduate honorary society. 


GEORGE W. 
ONKSEN, 


contributor of ““How the 
Autronic-Eye Automat- 
ic Headlamp Control 
was Designed to Meet 
Driver Requirements,” 
serves as supervisor of 
research for Guide 
Lamp Division, Ander- 
son, Indiana. His cur- 


rent major interest centers around 
development of automatic controls for 
headlamps, which forms the basis for his 
current paper. 

Mr. Onksen began his General Motors 
career in June 1928 as an apprentice 
toolmaker with Delco-Remy Division, 
also in Anderson. He attended General 
Motors Institute as a cooperative student 
of Guide Lamp and was graduated in 
1933. In October of that year he was 
assigned to the Engineering Department 
and immediately devoted his attention 
to solving vehicular lighting problems. 
He became a supervisor in June 1936. 

His major contributions have been in 
the development of Sealed Beam head- 
lamps and of the automatic control 
system of which he writes. Thirteen 
patents in the automotive lighting and 
related electronic fields have resulted 
from Mr. Onksen’s laboratory work. 

His society affiliations include mem- 
bership in the Society of Automotive 
Engineers. He also has been elected to 
Alpha Tau Iota honorary society. 


EDWARD T. 
RAGSDALE, 


contributor of “Putting 
A New Car into Pro- 
duction,’’ serves as 
general manufacturing 
manager of the Buick 
Motor Division, Flint, 
Michigan. Mr. Ragsdale 
began his career in 
General Motors in 1923 
as a body draftsman at the Buick Division 
in Flint. In July 1928 he became assistant 
to the body engineer and in September 
1935 he was promoted to body engineer. 
He became assistant to the chief engineer 
in October 1939 and assumed his present 
duties in February 1949. 

Mr. Ragsdale’s first job was as a tool 
designer for the Maxwell Motor Company 
in Indiana, and while working for this 
company he studied kinematics at Indiana 
State Normal. 
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He enlisted in the Army Air Force in 
1917 and served overseas as liaison officer 
in an engineering capacity with the 
British Flying Corps. His work with the 
British resulted in patents for a machine 
gun mounting and a gauge for applying 
flying wires and drift wires on airplanes 
at their proper tension. Both of these 
inventions were used by the British. 

Shortly after his separation from mili- 
tary service in February 1919, Mr. 
Ragsdale moved from the Maxwell 
Motor Company to the Midwest Engine 
Company to become chief tool designer. 
Later he designed automatic machinery 
at the Prest-O-Lite Company and worked 
as a body designer for the Pierce-Arrow 
Motor Company. While at Pierce-Arrow, 
Mr. Ragsdale developed improvements 
on windshield and body construction 
which were patented. 

Mr. Ragsdale’s technical affiliations 
include membership in the Society of 
Automotive Engineers. 


ELMER A. 
RICHARDS, 


co-contributor of “The 
Relationship of Organi- 
zational Structure to 
Production Cost Reduc- 
tion Activity,’’ has 
served since January 
1952 as supervisor of 
the Manufacturing 
Methods Development 
Department of Allison Division Trans- 
mission Operations, Indianapolis. 

Active in General Motors committee 
work for two years, Mr. Richards is the 
newly appointed chairman of the Central 
General Motors Methods Engineering 
Committee. He also has done committee 
work on torque converter fluids as a 
member of the Society of Automotive 
Engineers. 

Mr. Richards was a General Motors 
Institute student from October 1933 
until 1937, serving first on a work status 
with GMI’s machine shop and then in 
the Process Department of the Research 
Laboratories Division. Upon being grad- 
uated, he remained with Research’s 
Technical Data Department until July 
1940, when he was transferred to Allison, 
initially as supervisor of that Division’s 
Technical Data Department. 

He helped administratively in aug- 
menting the Experimental Department 
to handle growing military work and 
then undertook experimental work, part 


of it on an engine cold-start program. In 
February 1943 he became supervisor of 
the Components Test Laboratory and, in 
August 1945, became project engineer on 
a post-war hydraulic marine transmis- 
sion, standard equipment for Detroit 
Diesel Engine Division’s Series 71 Diesels. 
He was promoted to chief test engineer 
for Transmission Operations in Decem- 
ber 1946 and was ordnance transmission 
engineer until assuming his present 
duties. Four of his laboratory develop- 
ments have been patented. 


ARTHUR B. 
WRIGHT, 


co-contributor of “The 
Relationship of Organ- 
izational Structure to 
Production Cost Reduc- 
tion Activity,’’ has 
served since May as an 
industrial engineer in 
the Work Standards and 
Methods Engineering 
Section of the General Motors Manufac- 
turing Staff, Detroit. His work centers 
around coordination and promotion of 
methods engineering within General 
Motors. The paper was prepared before his 
transfer from Allison Division, Indianapo- 
lis, where he served 15 months as a senior 
methods engineer in the Manufacturing 
Methods Development Department. 

Mr. Wright became a General Motors 
Institute co-operative student in 1934, 
sponsored by AC Spark Plug Division, 
with which he remained associated until 
March 1947. His degree is in industrial 
engineering. Upon completion of GMI 
course work, he served two years as an 
instrument repairman and then moved 
to the Standards Department, first to 
establish speeds and feeds for machines 
used in volume production of 50-calibre 
machine guns and later to supervise time 
study work. 

From AC he was transferred to the 
GMI staff, where he was a senior techni- 
cal instructor until February 1952, first 
handling time study and methods courses 
and then methods engineering instruction 
for plant personnel. During this period 
he served for an extended time in the 
Central Office Section which he now has 
joined as a staff member. 

Mr. Wrightis affiliated with the Society 
for the Advancement of Management, 
and the American Society for Quality 
Control has published one of his papers 
on Statistics and time study. 
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- Faith of the Engineer Ne : 


Sie AN ENGINEER. In my 


profession I take deep pride, but 
without vainglory; to it | owe solemn 
obligations that I am eager to fulfill. 

As an Engineer, I will participate 
in none but honest enterprise. To 
him that has engaged my services, 
as employer or client, I will give the 
utmost of performance and fidelity. 

When needed, my skill and knowl- 
edge shall be given without reserva- 
tion for the public good. From special 
capacity springs the obligation to use 
it well in the service of humanity; 
and I accept the challenge that this 
implies. 

Jealous of the high repute of my 
calling, I will strive to protect the 
interests and the good name of any 
engineer that I know to be deserving; 
but I will not shrink, should duty 
dictate, from disclosing the truth 
regarding anyone that, by unscrupu- 
lous act, has shown himself unworthy 
of the profession. 


Since the Age of Stone, human 
progress has been conditioned by the 
genius of my professional forebears. 
By them have been rendered usable 
to mankind Nature’s vast resources 
of material and energy. By them have 
been vitalized and turned to practical 
account the principles of science and 
the revelations of technology. Except 
for this heritage of accumulated 
experience, my efforts would be 
feeble. I dedicate myself to the dis- 
semination of engineering knowledge, 
and especially to the instruction of 
younger members of my profession 
in all its arts and traditions. 

To my fellows I pledge, in the 
same full measure I ask of them, in- 
tegrity and fair dealing, tolerance 
and respect, and devotion to the 
standards and the dignity of our 
profession; with the consciousness, 
always, that our special expertness 
carries with it the obligation to 
serve humanity with complete 
sincerity. 
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